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Ground-water Investigations at White Sends Missile

Range, Rew Mexico, July 1960 to June 1962

Ey

James W. Bood

tbstract

[

5 in soush~central New Mexico. It

o PRI Sap i -
Tidte Sands Missiliae Range

is = ~hrendinge Lre o sboul MO0 miles long and 30 miles wide.
b N -

e VY e e ~ 2 e R k.l B L e
Cwraldiction: of varivws size ond fuaetion are s.ritered throughout

i

- e - N s vy a1 P - YL e -
coorlze CSyoeron and wdrpesced rejge ecea. Teter supply is

.
a  proulen becouse ol the errabic dlstrivution L poheble weter.

Traroloy o wreriz Ly the U.2. Geolegical Sarve:r in the White
-

LT O AT et - J FOREI Ve VAL " e~ e !
Sorls MIsolle Renge Tro July 1060 to June 1662, rmade at th

rogaest of the ULS. frmy Tost Bagtueer, includes the seasonal
rronsirerests of veter levels din the headquarters and other ereas,
the internretatlion of wolter-level xhenges, the observation of
Iriililngg, bhiroechatllitstlen of production and choervation wells
cnd o brie? reccomalssence o the Salinns Penk ond Ricdes Cenyon
oIgpye Do ooreas Cor e purgese of evaluating notentisl ground-~

veaber sunplles.



The Geological Surve, also furnished technical assistance
to the Army during the drilling and testing of wells at the
Gregg Site optiecal tracking installation, the Small Missile Range,
the d-zardous Test Area, znd the St .lion Range Center; and in the

-

preparaticon ¢l 2 mastar plan for water supply in the headquarters
area. )

Investigations in the Healqiarters area show that water-level
dec-lines in production wells are accelerating as a result of the
increasing use of water. Purmage in 1962 was 2.8 times greater than
in 1953. Non-pumping water levels de-lired 31 to 97 feet during that
O-year periocd. Rehabllitation does not result in :omplete restoration
of vield of production wells, because of water level declines. The
de ‘lining water level reguires “het pumps be lowered, periodically.

New wells should be drilled away from the present well field, oreferably
to the north.

Ir the area immediately west of the Small Missile Range, the
saturated water-bearing rocks of the vallev fill are more than 450 feet
thick, and lie on bedrork at about 750 ft below land surface. The
water is suitatle for domestic use but it is very nhard. Properly
constructed production wells should produce 500 gpm (gallons per

minate or more, of water.
J J

o



In the Hazardous Test srea wvater is in bedrock, meinly granite,
and where water can be obvtained frow schattered or weathered zones
yields amount to 10 gpm or less. The amount of water in storage is

mall and prolonged pumping osrovably we 1d lead to depletlon despite
the rapid rate of recharpe when ralns occur.

Water supplies are nor-pouvablc 2t o h Gregg site and Stalliion
Range Center. The velle; T111 at Grroge ¢'te contains much fine-grained
sand to avbout 500 feet, and ma.cly clay Trom 500 to 1,000 feet. The
section below the water tavle, from 213 to 500 feety, can yield about
600 gpm with less than 90 fert of dravdoym. At Stallion Range Center,
the perreable valiley £221 mainly is between 500 and 75C feet. The
supply well yields abéut 200 gpm with 150 feet, or less, of drawdown.

Reconnaiscance in the Salinas Peak area shows that the few water
sour:es there are related to structural distortions of the rocks. The
principcl scuifers are upper Paleczolic limestones and sandshones that

25 & whole heve low permeehility and -cortain non-votable water. It

is prcbablc thet water supplies for that area must be obtained elsewhere.

In the vicinity of Rhedes Canyon Range Camp the most probable
scur:e of potabl. vater is the large -~ompound fan west and northwest

of the Tamp. Ne potable water is likely to be found at the camp,



fais repori odresente cne cecsulits of hydrologis studles made Ly
the U.S. Geologizal Surve, from Fwne 1952 to July 1960 in parcs of
the Whise Sande Missile Danze, -t the reques  of the U.3. Army Post
bngineesr.

b

Taic work of the Geologicnl Tur ey was confined moctly to

technienl cssistance and advice to the Army on wiier developument
and well rehobilitation in specific ports of the Vhite Sands Missile

lange. e odate eccumulitbed, however, added significanctly oo the

genercl doveiedoe of groond-woter av Whlve Sands Mis

507

Taqeres g1 0 sm i . e gy eyt rem T Slyayen ¢ W Tegie.
Invescigations by the Geologleal Survey from Juiy 1500

June 1962 included the sessoncl measuremens ¢o wWrier levels in the
hendg eriore and other ar-eac, che interpretatlon of water icvel
chonges, e cbservation ol drilling, She rehavilitetion of produccicn

. 1.

sbeesvation wells, vl briel reconnalssznces In the Salinac

Per.. ~ri . to evaluate notential ground-water supplies.

Jhe Geologlcal Surve, £lso aovisea The Mrmm, Lod.e W0 wnter

segelrenenos sne the neeo {our g grounae~vabter investigation st

o)

proposed lunor base; the possivilivy of installing produccion wells

Thyey e
LELLL

RN - [P e - . el  rmm e mam R e I S |
o the hendguarters ares ol zoorse and oo iodes Canyon

Copuery wne need for monitoring controls at an experinentall

. ee . b et . i v
dendner-iioncion plone b Stellion Louge Center; wud in che

R o - P P ., . . S R S L SR
widon of o mester pluan Uor vster supply in the




The master plan for ¢ woter supply in the miassile range was
prepared by persornel of the Post Engineer Office ond required

several mmm~weels ol ellort by perzomnnel from the Survey. The

- e o . Y. wty e - -
master plan provides Joo o Lorgerorge; orlerly collecticn of

ground water data =v “he Missile Rage ond for coururrent installation

¢ producticn wells, pipelines, end giorcge nnd distrihwilcn fozilitles

-

vhern such Toullities are needed, bosed on projections ¢of Jemands. In

E

Jor eiperi-

-

eddivicn to woter-supply develomnrnent, provisions are niule
mentrilon In the use of Tlocdwater to augment the neburel rocharge

- 3y, o
to the grownd woter in the cren.



location and extent of White Sands Missile

Range and the ereas studied

White Sands Missile Renge is in south~centrasl New Mexico. It
is a north-trending tract about 100 miles long end 30 miles wide

{fig. 1). The missile renge is mostly in the Tularosa Basin, but

Figure 1 (caption on next page) belongs near here..

it also extends over the San Andres Mounteins into the Jornede del
Mierto. Instellations of various size gnd function ore scattered
shrougioout the otherwise barren ond uninproved range ares. Water
supply s & problem at many of these instellations, because 27 the
erratic dlstributlion of poteble weter. Figure 1 shows the locetions
of orees studied from July 1960 to June 1962.

The hesdquarters sarez conteins the largest working force oznd
the lergest resident population. The demand for woter is, therefore,
grectest at the headquarters orea. The erec is at the southwest
corner ¢ vhe missile renge and is Zn e reeatrent on the east gide
o “he drgen %Luxuair . The headquarters ar~a, including the

locuvticns of wells and the general geology, is shown In Jigure 2,

Figure 2 (caption on next page) belongs near here.




Figure l.--Map of White Sands Missile Range, N. Mex., showing
locations of sites and areas described,
2.,--Map of the headquarters area and vicinity, White Sands
Migsile Range, N. Mex., showing geology and well and

spring locations, 1962,



Systerm of numbering wells end springs

Well. nd springs described in this report sre numbered according
to the method used Yy the Geological Survey and the New Mexico State
Engineer *irwgnout New Mexico. The numbers are based on the location
within the sub-divisions of standerd public land surveys. By measns of
this system & nmumber both designates & given well or spring end locsates
its position to the nearest lC-acre tract. All numbers in this report
are for wells south of the New Mexico base line and eest of the New

Mexico principsl meridilan.



P location muber is divided by periods into four segnments:
The first segment denotes the township; the second segment denotes
the range, and the third segment denotes the section. The fourth
segment of the locatlon number consists of three digits and denotes
the perticulaer 1C-acre trect in which the point Iis located. For
this purpose, the section is divided into four querters, number 1,
2; 3, and !, for the northwest, northeest, southwest, and southeast
querters respectively. The first digit of the fourth segment glves
the querter section which is a tract of sbout 160 acres. Siﬁilarly
+he quexter section is divided into four hC-ascre tracts nurnbered in
the sume nmemmer. Finelly the hO-acre tract is divided into four
10-gere “racts. Thus, in this report e well numbered 21.5.16.132
<5 in the NEASWMWL sec. 16, T. 21 5., R. 5 E. The letters ¢, b,
z, .... are added to the sourth segment of the well number to
designate the second, third, fourth, and succeeding wells in the
seme 10-nore tract. If o location cennot be determined esccurately
to a li-gcre trect, the third digit is a zero, end if it cennot be
located eccurstely to & li0-scre trect, both the second aond third
digits ore zeros; if, however, the location cannot be loceted more
closely then the secticn, the fourth segment of the nurber is omitted.
The letter "S" precedes ' pring numbers. The method of numbering
sections in e “cwnship ond tracts within a section is shown in

figure 3.

Figure 3 (caption on next page) belongs near here.

In addition)well nurbers used by the U.S. frmy Post Engineer

gre LLVen.



. Figure 3.--System of numbering wells and springs in New Mexico.
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Sections within q township

Tracts within a section

20 21 1\22 23 24
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T 18 17 16 15 jl4 13
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T
30 ;:\\\\za 27 26 25
~. N\
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3 32 33 l 33 35 36
|l$ 6 miles 7‘-{
Well 21.

Figure 3.--System of numbering wells and springs
in New Mexico.



Zeadguarters arca

QObservations of well-fiel. conditions have been made at Waite
Sends Missile Range since 1952, and have consisted
of measuring water lavels in observation and production wells and
the recording oi pumpag;e from production wzlls. Most of this work
has been done on a uwimonthly, and recently guarterly, schedule in
he w:ll field at the headquariers area. The measurements show the
N
water-level declines cauvsed by pumping water Irom the bolson fill in

the headquarters area. VWater levels in the area have declined at an

accelerated race as cthe us: of ground water for domestic and landscaping

(2

supply has increased and the well fileld has been expanded o inciude

more procuction wells.

ol

Herrick {1955) projocted futurc declin:s of water levels tase
on estimated or anticipated needs. Both the use of water and the
weter-level decline have exceeded his 2stimates. The resulting

T N

decrease in water storoge near the production wells was affzcoing the

yields of the challower, older wells in 1962.

11



in the

(v

Weter is5 pumpca principally rrom ground-water SLOrag

headquarters area. Ihe new well fisld (production wells numberedl1Q, 11, and

13 through 17)  has been in production since the =zarly 1950's when
production from the old well field about 2 miles southeast of the
nzadquarters area vecame inadequats. Water levels in tne well field
have besn monitored in ivest wells since 1953 to c=termine the effects
of pumping. OFf the original 5 -.est walls, only wells T-4 and T-5 are
5till serviceable; T-5 and the new mein gete well have been drilled

4 k) i+ 3 P o 1 2 " ddd+i +
To continue ta: monitoring of water levels. In addition L0 wyoror 1evel

measurements in the test wells, a continuous record of water levels is

obtained from a water-stase recorder on production well 12,

}.AJ
e



. White Sands personnel measure and renort water levels in production wells
2ach Dzoember or January when pumping from the well fiz=1d is at a

minimam. A summary oY thiss water levels 1is taobulated below. The

W:ll no. lionpumping water level in Water level rise (+) or
(fig. <) feet below land surface decline (=) in feet

December 195« December 1962  1934-62  1960-61  1961-62

10 358.0 289.0 -31.0 - 8.4 + 0.4
11 505.0 402.2 ~97.2 - 2.0 - 7.2
i5 310.0 325.5 -15.5 + 3.3 - 3.0
14 557.0 402.0 -43.0 - 5.0 - 7.0
1) 338.0 399.5 -61.5 -24.,0 - 6.0
1o 4G .G +15.C ' -64.0 =15.5 -15.0
L - 595.3 - - 9.4 - 1.3

average dec.ine from 1954 to 1962 is about 30 feet. Itis decline

undoubtedly Includes some local pumping effects and some inefficienc,
of individual wells, but nonetiel:ss represents a cousideraple added
pumping lifv. Water-r.vel declines 'z an, one well var, from year to

o . 3

year as a cesclo of voe soaggered schedule of pumping estac.ished to

[}

prevent excessive dravaown in any cone well.

=
U



Water levels In thir tes wells have showm the pattern of water
Zovel decline in and around tac well fleld. Unfortunately, *the te:zt

holes were poorly ooustrreoted. Very little record was obtained from

vall U= Lefore it Tilled ond welis T3 and T-4 went cry in 1960 end

—1."/' . - . - bl | B : ey iy 3 EaY - . ~ LI "
196, respeccively . Velll Ted o0l Te5 are stlll socrvicesble and show
Nade E - Pl - - 3 T Yo S A ol -

out Litble olren: of svmnin, rrohably Tecauss lany, Like I-0, ave

~umpna rea.  Wavter levaln have rigen in old

. . . Y ~
ne old well field; and 12

, (in new field)

probably because the wells have not yet fully recovered from pumping.

1k



The hydrogroph of well T-1, nnd groeph of pumpege from the
production wells, show the decliine of water levels as pumpage hes

Znereased {fig. 4). P surmery of water-level changes in the test

Figure 4 (caption on next page) belongs near here.

and observation wells is tabulated below:

P

Wwall 1. Depth ¢ woter, in feed, Woter level rise {+), or
iee 7Y below lend surfoce decline (-), in fee%
_... ’ vate oD Dete th 1661 1902 For period
L indicated
Tl i~5-55 400,18 G- 01 dry et - =18.39 {1955-61)
118.57
T-% 1-25-55 388.93 9~ -60 dry et - - -11.1 (1955-60)
400
Tt 1-25-55 223.43 1- 3-63 22k.06  -0.12 -C.03 - .63 (1955-63)
T-5 1-25-55  270.48 - 3-63 271.38  + .1k - .16 - .90 (1955-6%)

m-6 1-17-C2 202.51 1- 3-63 203.5¢ - .39 - .60 - .99 (1961-63)
Gate 1- 5-60 359.58 1- 3.63 367.65 -3.00 -2.50 - 8.07 (1960-63)

L 1-25-55  221.09 - he63 215.82  41.02 o+ .6S + 1.27 (1955-63)
12 - 5-60  277.78 - 5-63 276.50 + .5€ + .15 + 1.08 (1960-65)




Figure 4.--Water-level decline in test well T-1 and pumpage from
production wells in White Sands Missile Range, Headquarters

area.

16
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Pumpage hes increcsed witix time as shown by the greph cf purpsge
(fig. &). Pumpsage in 1962 wos about 2.8 “imes os much as in 1953. Not
only has the base rete of numping increased but the peak rate of pumning
olsc hes increased sharply since 1958. The peck rate of water use is in
swmner when large amounts of water are required for ccoling plants,
recreation; end lown watering.

New supply wells will be needed as the demend continues to
increase, because the existing wells were oper:ﬁ:ed gt necr their
cepeelty daring the time of this study. According to the Post
Ingilueerts OLTice, viure development of the healquarters well field
Wwlil bC in the area west and north of the present well field

(cig. 23,

17



Production-wvell rehabilitation

The well Yield nortn of the neadquarters area has been used
since 1943. Well 10, the first well of this well field, wes installed
in 19+0 and oy the end of 195% wells 11 through 10 had been added to
the system. Vell 17 was added to the system in 1960. The yields of
vhe wells diminished as time passed, and gravel began to enter well
14 alouy wita the water. The decreassd yields were due uo the
aecline of water levels in the well field, the deterioration of the
pumps, the plugging ot the well screens wich seals, th: portial
plugcing of the gravel pacxk oy sile, and Ly parvial »illing of the
wells wivn maverial that passec through the scroens bus was not

pumped ouc.

18



£ progren of production-well rencu. liteilon hes evolved,
vherein eech well is rehabilitoted periodicelly to increase the yield.
The procedure generelly consists of the following:

1) The pump is removed and the cesing is exemined with a borehole
television cemers; 2} material £illing the well is loosened and
bailed out of the well; 3) an scid or other tresting chemical is
Introduced into the well to loosen scale and clean the gravel pack;

.} the well casirng is mechanically cleened inside by scraping or
Lrushing the screen sections; 5) the well is surged with tightly
fitting surge blocks Lo promote redeveloprent; 6) the metericsls
thet enter the well during the treatment are beiled out periodicelly;
T) gravel is added %o the gravel pack es needed; 8} a test pump is
ingtalled ond the well developed by puwmping wnd surging; 3) the

\

weonl is test pusmed; 10 tie test purp is removed, the well cleaned

~

Ccdu Gela, end the cusing glain exarmined WiIth £ borehole television camera:

b
11} tae prodacticn purp and o new alr line are installed.

fNos il the steps cre pertormed during e7/ery rennvilitetion
cperation Letcause ol the Jiiferences in the condition ol the well.

Wells 17, 14, anl 10 were partly or complesely rehwbilitated

during 19601-62. The results indicote e need for replacerent wells.



Vell 10 (22.4.24.212)

Well 10 (22.4.2%.212), the oldest well in the present headquerters
well field, was scheduled for rehebilitetion during the winter or
spring of 1962. The rehebllitation was given speciel impetus when
the yield diminished greatly. The specificetions for the work
included the genernl provisions previously listed and required the
use of acid as the treeting chenical. Work st the well site began
cu fpril ', 196C.

“nen the contrector began to puil the puap from the well, the

wovel onvelope around the casing subsided rneut L Teet. This

3

supsidence in itself was ot elarming, but coupled with lster
obsorvations it indicated thet the well casing end verforations
were nct in good conditicn. SIter the pump hed been raxoved on

", ., il

fpril 5, the measured depth of the well was 507

-

feet, avd the depth

o woher was 335.C fech Lolov the top of the cosing. The strainer

on “he end of the pup was almost plugged with scale and rust fragments.
The contractor cleaned the loose materiesl from Lhe well to a

depth of 87 feet below the top of the casing in 14 hours. Gravel

that apparently wes o part of tie original gravel pack was emong

the debris removed. The pgravel envelope subsided another 1 te

2 Teet while the well was being clecned.



Suvsecruently, a casing scraper 10 iuches in diameter vas
copaced aad pue fave Yo well, batl the toel would not go deeper
tha o 1Th deet. Lo Apvil 9. an O-irch scraver was prepared and

pat Inve, tae well., fiTs oraller wol weat down withh sonie

o]

I T T T - [ FPRRN ¢ vy
S Lall LIC LS o Jrom Do to oy LeCu VQ scoar e . The

w35 vemotad te = desth of R3Y
reet. Asunin. vl Yoousc cngoecial contalned jruvel = the sravel
JESATLIN e wacer ledll av ohis Llog was 0L teet below the top
oo U oeaBllu.  4ocltced-crreait celevision insvection vas made

ALt L T TR S N P R a9, Ve A
L Voo suie T lowing observations were hade:



Obsevvation Depth

Abd e the waler:

Cuslng oval sha ed 7.
Caslig broren and ollsenr at weld 1ih
Coging broen aad oflse. al weld 235
Pop or pertoraticons in casing. {(Casiag 265

fouad %o e .erforated from L0 ifvet
dowa Lo maximum aeplh obsorvew.)
Casing pro-ec.a and oiisel 260
Casio; ciZoet and oval shaped 31l
Do the .aver table:
Caocoa nung we Lo casite rouhuiess 422

brews. ln casing 435

.

Yy R 5 I
Ctiagd AN 4]
Lroegil L casiog 454

Cacliy; ovul shaped in cross section 481

22



~

Move the originel weter level (ebout 350 feet), the perforstions
were about one-fourth inch wide, clean, and in good condition. The
casing was in good condition except for partings at welded Joints.

The casing condition worsened below the original water level, and
below 375 feet the casing had deleriorated. Many of the perforations
below 375 feet were enlerged greatly, some eppesring in the television
view to be as large as 1 inch wide. The casing was missing over an
area of seversl square inches et the lowerrwst casing break below

the weter level.

The well wes measured agein on April 1C end wes 487 feet deep.
From this messurement it was inferred that additional 111 would not
enter the well es long as there were no vibrations or other disturbences.
Operetion of the purp, however, could cause & new influx of meteriel

into the well.



Rehabilitetion wus stopped, beccuse of the danger to the well
from further work. The production purp was reinstalle& in the well,
in spite of the risk, becouse the well was badly needed to meintain
an gdequote supply of water.

The new pump was installed fpril 26. The purp colwm ond copper
eir line vere 20 feet long, the pump essembly wes 8 feet long, and
the tall pipe and stralner extended i feet below the pump. The pump
intake is 32 feet below the top of the casing, about 2C feet shallower
then the intele of the old pump.

The new punp and eir line were tested briefly April 7. The
purp wos cpersted for chout 3 hours et 30C gpe (grllons per rinute).
The resulting drowdown was ebout 30 feet, indiceting o specific capaclty
0i 1C gpr per foot of drawdown. The water wos free of suspended matter
after 6 minmutes of puxping end remained clear to the end of the test.
The weoter tempereture wags 77°F.

well 10 should-be replaced cs soon as feasiblé. In the meantime,
the nwping rate probabl; should not exceed about 300 gpm. The well-
field operctors should cxemine the pravel feed lines pericdicelly to
see whether the grovel envelope subsides further, because entry of
gravel into the well could dereope the new punp. The punping level
also should be monitorel careflly because ol the shallow pinp

setting.

o
[
4o



Well 14 (22.4.13.411)

Vell 14 (22.%.13.411), put into operation in 1954, originally
hed e yield of 600 gpm and a 2Ll-hour specific capacity of 8.5 gpm
per ©t of drawdown. OCravel begen to enter the well in 1958, and a
television inspection showed that the pump had worn & hole in the
screer. The well was rehebilitsted and placed in continuous use.
The oir line beceme plugged, and was reploced early in 1962. After
the wir line wes replaced, messurements showed that the water level
Jrow dewn excessively when the well was pumped at the normsl production
rote. The puamping rate was reduced to about 350 gpm end the pumping

level rose toc chout 3G feet gbove the top of the purp.

n
N



W1l 1e ves treated witi. 1,000 gellons of acid and developed
Uy sirging and pumping with tii- production pump April 16-19, 1962,
Hall the weid wae injJected into the well at 11:50 a.pm., and the
wall s sur with the pump ot S-mianse intoervels for an hour.

Y

The second half of the acid wns injoecced at 2:20 p.m. nd the well

won surged about 15 hoorn.  Tho ccil reected vigorously in the well,

a5 vas shown by the lorge cmount o vapor that blew stecdily

.

okt the crosing

oy
{0
7]

nd cleanout lines. Surging and pumplng vas

£ Y

gtnroed a2y cbouvt 3:00 neaa. 2nd the numpling level declined clmost

Sely S0 the top o vie mumy bowls. The gravel cnvalope

N N - - ! Y- N - el POal P2 + Ny Yo e —
chanoow tuout <0 dYeel dovn the outoicde of the ceoslng nund pumping
e luatow pted long enovgh to measiwre the cnount of suusilence
b -

R - o SN e FalN N . - o - 3 gm e
LA o remlonich o opart of the gravel. Pumping and surging

continned util 16:00 p.ue April 16 snd cpodn from O:15 a.m. Lo

fordi 7. Jhe woll chen was pumped continuously ontil

700 ..

P -

Durin. poaming on Azncill 10 the vater carried oot =zilc; sand,
siooolvec oLty ond nuch eonrse sand and gravel, none of whilch
vas oo er dhan the clze of the sc.een openings, vhich indicated

thot The sereen woas not tieoched. During pumping on Anrii 17, the

Untor cotelnned to zerry oot coorse send cnd gravel Lub at a greatly

7 ~ 4~ - « - - - i e~ g - =y
rooneed roto. By 7:00 pan., the voter vas cleor of suspended

T

-
Am.~uu —
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The results of the acid trexonient of the well and the subsequent

pumping indicated that vell L4 conld produce cbovt 400 spm for

Limited meriods. Un celic puping, however, it vas necessary

t 385 gpm to mointain the

o bouwls. A oumping rate of 385 gpm

UK. NGO DT, TR S T H A - e - e
g paintadaed through June 1902, This rate probably is cbout

Jgptiinan Sos thee well,

ivproved Lluis grod-ativ

e N PRI 'l
RFSFRNTE AR 3¢ TaI o 1}

Ny LG not ariginal rata of procuciion. A
e Dinmh T Ll Lol further Imncove it vield
TolLE Lowats o7 praduction, vocanoe pavh of

Wi I Loothne slotmits o the will hos beewn demborcd. Woll 14

Loty T L seceen aely has nternalll projeciing Lowers that

CL A TLttlag surge bLlock., Beeouge o the loose
oy ik for ool shoold o ~lous

e, . hl 3 -
oo sct loves in the

£ls0, the pump should

PP ] (SN Y- M - RN I 4 e} 4 . - B} ~
VOeLL U wvovoen e pamplar water level from ring to che muop

“U
.

P e
[ N}



Well 16 (22.4.13.432)

Well 16 (22.4.13.432) wes drilled in 1954 and wes rehabilitated
in May 1961. The purp was removed from the hole on Moy U, at which
time the depth to water wans 4C% feet below lend surface. On May 5
the cesing ocnd screen wvere inspected with a closed-circuit
television cemera. The inspection showed little or no deterioration
cf the casing and screen other than encrustation of surfaces end some
corrosion. Perforetions in the upper part of the saturated 2zone, near
the pump, mostly are open. Below about 600 feet, however, neerly ell
perfcretions were 2losed by encrustation. The odometer on the television
epparctus indicated a depth of TT73 feet, thus indiceting thet the well
hed {illed ebout 113 Teet.

Bailing begen or Mey 8. The first msterisl beilled consisted of
8ilt end md conteining some flekes of rust, fine- to medium-grained
send, eand some gravel but nothing larger than would pass through the
screen. By the end of the working day the well hed rmore fill in it
than at the start of bailing beceuse the bailer, in moving through

the screen section, was developing the upper screened zone.



Beiling wes continued on May 9 without meking much heedwsy in
renmoving the i1l from the well., The screen in the unfilled section
was surged and scrubbed with e wire brush assembly on May 10-12.

The {ill was occasionally bailed Ifror the well, which caused fine
sond ond & smell emount of gravel that was small enough to pass
through the screen to enter the well. The gravel pack subsided
ehout o foot, which indicated thst the grevel 1s entrained dowvm to
the water table. |

t test pump was installed Mey 15-17, =nd 400 gellons cf woter
containinm 1.°200 pourds o sodi i hevametrrhosnhete weeo noired Inte
the well, half into the casing ond hrl? inte the purp cclumm on Mey 18.
The well was surged at 3¢-rvute Intervels throush Moy 17,

The productiviiy capaclty of the well wns %fested on Moy 20,
efter corveping, surping, halling, and chemicel trepinment waos finished.

The well was tested with & deen-well +urbine pum.

29



The pump was started ot O:1u aum.; «ui the well vas surged
for 15 minutes without discherging water. /t 8:25 a.n. pumping
ot a steady rate of sbout T35 gpn was begun end continued to

$50 p.m., at which time the puping rote was reduced to chout

}._l

W

a4t

level recovery wons measured unbtil 8:4C s.m. Moy 25. The drawdown
et the e of pumping 7 hours et 735 gpm wes 30 Zeet, end the net

gepsilown ot the end of pumping 1C howrs was 21.5 Feet (Jig. 5).

45 goe.  Pumping ves stopped st 6:25 p.m., und the rate of water-

Figure 5 (caption on next page) belongs near here.

e wtadd -~ W s - ,’J.\\_ SN & Fa

T I O RPN S UL, | .o L IENN g R SR TR O
Lonoliel o3 tntm L.2 il of sond per 1iter of woter dox Y hours
B S S UTIP CI ) SO T Thgan® a4y nmpare T sl e e T
GO el oA WL T WDE Ledv. LTy T DAL AN NoT Ll uae
tegt o wrbor wrs olear ool oo of sugmendod st Tie tertver:
es DUOWPTLOT WO TAOAY ol LICe O Susmelon firiier. e Lerperc-
i e TEOT
Wibd w10 H »

ar .. - S P T - . N T N L RN Tyem

i paxp wis vallied o Merr S ol T The well wes Ghen bailled

L0 FLUCLle maleric” wis recoverel  ecsuse the send pump did not work
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‘ Figure 5.--Water levels during drawdown and recovery and rate of
discharge during performance test of well 16
(22.4,13.432), Headquarters well field, White Sands

Missile Range, N. Mex., May 22-23, 1961.
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£ second television inspection on May 29 showed that the hole
was filled to 734 feet. The screens from the weter level down to
gbout 500 feet hsd been feirly well cleaned but could be further
improved. From 500 to 734 feet the casing end screens had been
partislly cleened but still contained meny closed perforstions.
The one chemical treatment epperently wes not sufficlent. Moreover,
the scrubvbing operation was not completely successful, owing to the
nature of the screen, in which the louvers extend inwerd and prevented
the brushes from reeching the openings. That the lower part of the
well does not contribute much water is shown by the residuel content

of phosphate compound in the weter bailed from the well after prolonged

pumping.



The 2alloviiy tect results show the epparent sffects of the

rehatilitetion o well 16. (Nete: For sirdler well conditions

Tor o given length of muping time, the speclfic capacity

ir less for a high rete o pupere ther far o low rrtel):
Rate of Speciflic co.z:»acit" for specilled
Date discharge tine Renarls
gpo 5 toc v
(gpm) l)mv.rs 10 hours 2k nours

6- -1

7-11-612

e

600 5

A\
1

31 Test made shortly
after well coupleted

5.7 3L - - Duriig, resular cyclic
well ficld operatic:.

6oy - 22 - Letual punping time
unnown, bubt is more
than © and less thar
24 hours

T55 27 - - Test alter rehabilitacion

OTh - 5L - Dischaie rate is
veishted average for
d..) hours of puaping

521 - 24 - Discharge rate is
Instuntaneous value,
neasured at end of
L2 houss

3ok L - - Averaie Tor menth, based
on daily records

Sah 24 - - During resular cyelic

well Tield operatiorn.
Tine not recorded
et ts & hours or
e

», -

Dota reperted by Post Enjlneers, Utillitles DBranch, WO,



Although the flgures for specific capacity es ;iven above are
not precisely comparable, the data indicate that the reiaabilitation
neesurably improved the productive capacity of well 0.

The well nmight have :>cduced rore water had the coniractor
been able to clean out thwe {111 irn the well tc the bLotton of the

casing and been able to conpievely clean tue well screer.

3L



The acure  f tae well sereen Liierlerred witvh Thoroa Ll
redevelopuensy. utwre productlion vells should be desijned <rlii
& screeu: chat has no internal [ eliions of the tyve in the

internal shutter screen. 7These internal .rojections tend 5o

deteriorate where the pump or pusp cclumn rests asa.onct thal, Lecause
vibraticn of the pump causes mutual wear of the parlis i counbact,

uture rehabilitation should ineclude more than cone chemxical treatoent
e be fully effective, and tile treausents irelerabl; saculll Le

incerrapied by perlods ol rmeciwanical sereen cleaning, sur;iog, oand

balling or pumping.

o
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Five test wells were drilled in Msay, June, and July 1953 to
cbtain data sbout the water-~-beocring formstion in the hesdquerters
ares and to use for water-level observations. EHerr’:xk (1955, p. 60)
noted that test hole T-2 (22.4.17.2%3) hed filled with sediment to above the
water level and could not be used after Julvy 1953, Water levels in the othe
test wells declined during a period of years, and test wells T-1
(22.54.1.404) and T-3 (22.4.14.211) beceme pertly filled with sediment.
Early in 1960 only 1 to 2 feet of weter remained in these two wells.
Test holes T-1, T-2, aend T-3 hed to be clesned of the materiel filling
them in order to continue the water-level observations.
Test well T-1 wes drilled 6 inches in dismeter to a depth of
1,005 feet and cased to a depth of U50 feet with L-inch casing.
The bottom 100 feet of casing was perforated with torch-cut slots,
end the bottom of the pipe was closed with a steel plug. By early
in 1960 the well had filled with sediment to 413 feet below the
lend surface and ebout 1.3 feet below the water level.
Test well T-2 wes drilled 6 inches in diameter to a depth of
1,00C feet and cased to a depth of 500 feet with l-inch casing
finished in the same menner es T-l. By 1960, the well had filled
with sediment to 340 feet below the land surfece and sbout 20 feet

above the inierred weoter level.
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Test well T-3 was drilled & inches in diemeter to o depth of
875 feet cnd case? and finished in a menner similar to the Pirst
two wells to e depth of L5C feet. By 1960, the well was filled
witl sediment to 3935 feet below the land surface and about 2.3
feet below the water level.

The Post Engineer O0ffice cwarded a contract to the Butte Pump
Co., of Las Cruces, New Mexico, for cleaning test wells T-1, T-2,
and T-3 Zn fugust 196C. The contract provided for cleaning the
wells tc the depth at which they were plugged, assuring that the perforations
were open. snd redeveloping the wells to provide a stable well
in ecch with a good hydreulic connection between the well and
the aquifer. Eoch well was to be bailed for not more than eihours
after redeveloprent, during which time the bottom of the well should
remein cleon, and the water beiled should contein no meore then 3 ml
(miililiters) of suspended rateriel per liter of water obtained from

the bottonm of the well.



Test well T-1 (22.4.1.%4k)

Cleaning of well T-1 began Afugust 26, 196(. The material in
the bottom of the well at s depth of Ul3 feet was hord, znd water
wes required to stert the cleaning operastions. The first meoteriel
recovered was very coorse. The well was cleened to 428 feet by
5:C5 p.m. fugust 29, but filled to 422 feet overnight and filled
further despite continued cleaning August 30. Additional work
through 10:30 e.rn. Septenber 1 produced no setisfactory results,
and the clezning equipment was roved.

The lorge emounts of sediment that entered the well ceme
through slots in the casing. The casing haed been perforated with
en oxyncetylene torch, end the slots were cut sbout 6 inches long
and é-inch wide. The slots were Iirrepular in size and sore probebly
vere 3/i-inch in width. The test well refilled when it wes briled
because the woter-beering formation is comprised mostly of perticles
smaller thon the slot dimensions.

fn edditionel 4 days of work was done at test well T-1
Septermber 15, 16, and 2C. Drilling mud wes used to support the
wvalls of the well end to keep the coarse-grained sediments in
suspension. The well was cleaned from a measured depth of 116
Teet to obout 426 feet, bui naterial refilled the well to LD0.d

foet, and the cleening wes termirated.
s -
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Test well T-2 (22.4.13.233)

Cleening of well T-2 begen fugust 22, 1960. The material in
the well was dry, and weter was added to drill and bsil out the
loosened sediments. After the water teble was reached, the fill
wos bailed without drilling. By 4:L0 p.m. August 23 the well had
bean cleaned from 36C feet to a depth of liCl.5 feet. The meterial
removed frorm the hole consisted of very coarse sand, gravel, small
pebbles, blts of glass, wire, snd other substences.

The cdepth of the well wes 591.5 feet and the depth to water
was 555,06 Peet below the top of the casing before further cieaning
begen fagust 24. Coarse sand and grevel, and some glass, was bailed
Irom the well efter the messurements were nade. During fugust 24,
“he hole cgein was cleaned to 00 feet, but meterial contimued to
enter the cosing, end the depth during most of the day varied from
%. The weater bailed during the afterncon contained
chosh i ml of send and as mmch ns 22 ml of silt per liter of weter,

measured in an Imhoff cone. The hole was 400 feet deep &t 1:15 p.n.
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o {he mornine of Avsoat 25 the hole was 400 feet deen, and

ith silt and very fine~grained sand.

;-.

roduzed wvater laden

o

P
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3
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'
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o
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a.tt., however, the well again produced lar"" quantities of
sand ond gravel, and by 10:00 a.m. had f£illed 10 to 12 feet. By
2:30 p.m. the hole had filled 30 feet, to 370 feet, ana ct 4:15 p.m.
was still that desr. During the 2fternoon, the driller would clean
out ~ fow feet 2f kole, vhioh then would refill.

The depth to water in the well was 355.08 feet below the
mzacuring point and the hole was 769.1 feet deep At 8:20 a.m.
Auoust 26, Bfforte to clean the hole reculted only in the hole
Jilding Yo %64 feebt. FPurther clesning operstions removed 2 feet
of £ill. Owing to the omount of £ill ramoved from the hoie,
it wne cppooont thet furiher operations would not be fruitful.

On September 9, test hole T-2 2zcin wes sounded to o depth of

i)

66 Tuov with & steel tepe, the same depth measured at the end of
elerning oporations. On Septorber 1i, the water level in the hole
wes 555.02 fect below the mencuwing noint, on September 29, it

was 355.52 feet.
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Test well T-3 (22.4.14.211)

Cleaning operstions begon at T-3 et 11:0C a.m. on
September 1, 1960. Problems were similar to those encountered
ot T-1 and T-2. The hole was 393 feet deep when work begen and
& mexirmr depth of 12 feet was reeched during the course of 3%
days of work. The hole was 08 feet deep when cleaning operations
wvere discontinued. The depth to water was L05.43 feet below the

measuring point on September 79, 1960.
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Drilliic of test hole T-6 {22.%.14.133)

requate monitoring of the weter-level changes In headquarters
sren required test holes tc reploce T-1, T-2, ond T-% which could
not be rehalilitated. Test hole T-6 {27.h.1%.1%4) was 2rilled at
o new locaticn, thereby otending the stratigraphic lircwledge of
+he erca o5 well r8 previding © permenent observeticn well. The
locrtion 4s ahot 0.0 mile scuthwest of test liole T-7 end ¢ mile
west ol PFeadquinrters well 13.

Drilling was started October 25, 196C, cnd the vorl:; including
test pumping, wes finished on Noverber 179, {See tehle 1.) The hole

wes drilled by the hydrrulfc-rotary method. fn electrizal resistivity
log of the hole was made Noverber t; end the hole then wns cosed with
515 feet nT 6-inch cesing, of which 105 Teet wns terch-perforeted at

selected intervels. (See fig. 6.)

Figure 6 (caption on next page) belongs near here.
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Figure 6.--Electric log of test hole T-6.
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.-=Log of materials

penetrated by test well T-6 (22.4.14.133)

Headqusrters area, Wnite

Sands Missile Range, New Mexico.
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Table 1.--T.og of materisls penetrated by well T-0 (22,4.14.133)

leadquarters area, White Sands Missile Range, New Mexico. - Continued

Thickness Depth

Material (feet) (feet)

Sand, fine to very coarse, and bit-cut fragments of

larser rocks 10 125
Sand, ITine to very coarse 15 1%
Sand, fine to very coarse, and bit-cut f{ragments of

larger rocks 10 150
Sard, .Jine to very coarse 5 155
Sand, fine w very coarse, and small bit-cut flakes

of larser rociis 10 165
Send, fine to wvery coarse 5 170
Sand, Jine to veyry coarse and bit-cubt fragments of

larger mochis. Grain size mainly cosrse 5 175
Sand, coarse, with small auounts of fine- to very

cearse sard 15 1950
Sand, mainly coarse, and bit-cut fragments of larger rocks 10 200

Sand, fine to very coarse, and Lit-cut fragments of
larser rocks 5 205
Send, Tine to very coarse, some smaell pebbles and bit-cut

{ragments ol larger rocks 25 230
Sand, Tine to very coarse, and bit-cut fragments

o larger rocks 5 235
Sand, nedlws to coarse 5 240
Sand, very fine Lo coarse 35 275
Land, very Jine o coarse and some Dit-cut fragments

ol larsen rocis 5 280
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Taule l.--Log of materials penetrated by well T-6 - (22.4.14.133)

Headquarters areca, "hite Sands ‘lissile Range, New Mexico. - Continued

[

Thiciness  Depth

Materlial (feet)  (feet)

Sand, wery “ine to very coarse 5 235
Saad, ey fine W ver, coarse, and scnme bit-cut
Srporimive of lalvier rucks 5 290

3
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sannd, very fine Lo cearse, and some bit-cut fragments
siolanser Dol 5 305
DU, L0 WL Lo coarse, bit-cubt fregments of
LEUGOT YOCils, wad smell bilits or steel from drill bit

S a1 e 1 2 de L 9
i, w2 Do mediam, and bity ol suecl

Jand, dane e cediws, small opesdle, and Hits of steel

A2 R U AN A N ]
}‘l

Lans, wnne e course, and sits o steel

L e we e ot coarse, and bit-cut fragments of larger rocks 1

-
AN

., ]
T

LG Dl o cowise, aetecab Jruoments o larger

cneis, wel Diuo ol suesl 5 540
LNy emy P LA . o d B l.‘
cand, Jlae wo coarse, vitecut frasments of larger

soelis, wad o Zottle Lrown cluy

A S I 4
Wt
&~
i

SN L. o0 zoarse, a:d blts of steel

Gand, o to ccarse, uit-cul Jrazsents of larger
rceks, wul Jlus of steel 10 260
Sunl, Llae o coarce, much bit-cut rock, and

~

e e N
21T0 GL plec.

h
}E&
(N2}

e R + ~ .y RN Y - . P R . o A3
Lraal; Dl L) oooarse. ollecut rocll, ast Llis of sheel

n
\;?5
o

Sl., 42 oo eoamse, mach bit-cut ol and

Lo ooy sbeel 10 380
Cae L aelidn sens ccarse, and much bizT-cu



Yable 1.--Log of materisls peneirated by well -0 (22.4.14.,133)

Headquarters area, “hite Sands “fissile Range, New Mexico., - Concluded

Thickness Depth

Jaterial

e _(feet) (feet)
Sard, .edium, and much bit-cut rock 5 420
Sand, mainly very coarse, and much bit-cut rock 25 Lhs

Sand; nainiy very ciorse, and nuch bit-cut rock.

samples hwve o widform dayls cray-brown color. Many

large Lltecu’s chins frorm DOO te 500 feet. 55 500
Zoaeous rowl, Lol bit-cut chips of brown, fine;

MY w3 aace Alatlact conchoidal fracture 15 515

Total depth

Mobte: Duraay course ol drlliliy; it wes observed thau much very fine sand

ant upporently some clay was caryoed awey Lo the drilling mud..; Almost

21l sand rains arce anguier 1o swoldagulor Lecause the porent rock is

nearby.  oXRLL SLges Lroa ) v U2 prooauly were reluced from originel
srze by siow seindling Irom o wora awd breken Lit, Rock chips, soted an
cri~-cut  arc e resulc of cae veducellon of bowdders and other large

vari.cies L uie Jan Jdebris, w.ese larger perticles lncreased in number with

Geptli w oJhie vielnity of the bedrock op at about %X feet, thus the increase
- the amount . bli-cus mateslel. S part of the ercs’onald deLris apparently

Was parvli; cuuaunled, as chowa b, ule relotlvely clean hole prior to setting

CaBily,.
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After casing was set, the drilling mud was bailed from the
hole, and the hole was developed by surging and bailing for 18 hours
at which time the sand and mud content of the water had diminished
appreciably. One hundred pounds of sodium hexametaphosphate was put
into the hole, and a test pump was Installed. The test hole was
surged and pumped for 10 hours until the water was clear of suspended
matter.

The hole was tested on November 18 by pumping at approximately

160 gpm for 11} hours (fig. 7). The shape of the drawdown curve,

s

Figure 7 (caption on next page) belongs near here,

shown in figure 7, and the very rapid recovery after pumping stopped
indicated that the pumping water level was greatly influenced by pro-
gressively greater entrance losses at the casing perforations. If the
large drawdown at the end of the pumping period had been due to depletion
of the water-bearing material, the recovery curve would have been much
flatter, and recovery to the static level would have required a much
longer time than 3 hours,

The data obtained from the test is not considered adequate for the
computation of a value for the coefficient of transmissibility because of
the large screen losses. The formation, however, is very permeable, as

indicated by a 6-hour specific capacity of about 25 gpm per foot of
drawdown in the test hole, One or more wells of moderate vield, in the
order of 200 to 400 gpm, probably can be obtained in the area near T-6
because the water-bearing formation is coarse grained and is saturated
through a thickness of about 290 feet, This interpretation, however,

should be supported by further development and testing of T-6 and, possibly,

further exploratory drilling. 48 & 49



Figure 7.--Vater levels during drawdown and recovery and rate of
discharge during performance test of test well T-6

(22.4,14.133), Headquarters area, White Sands Missile Range,

N. Mex.
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Static level=202.2 feet below land surface datum
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Test hole T-£ penetrated about {90 feet of very coarse-grained
Ton deposits thet lie on igneous bedrock. The 6-~inch casing was
perforeted at selected intervels below the water level, vwhich was
approximotely 202 feet below the lend surface.

Weter from the test hole 1s comparsble in chemical quality
to that from the heedquarters well field. (See table 2.)

A test hole in the NEANEMNEL sec. 11, T. 22 5., R. b E. in
addition tc¢ T-6 would not only yield new data, but also would help
aveluate oy recharge experiment mode in the arez. This location
is neur but notv iu the sites of i{iood-control and recharge structures

suggestad by Herrick {10, JTig. 1).
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Gregg test and production wells

The Integrated Range Mission at White Sands Missle Range, in
cooperation with the New Mexico State University, was preparing in
1961 to experiment with cooling the land surface around an optical
tracking station. The purpose of the experiment was to suppress
heat waves that distort telescopic images during the tracking of
missiles. The cooling was to be accomplished by growing salt-
tolerant vegetation around the station, because it was inferred
that fresh water would not be available at the desired site. If
vegetation could not be grown, the land surface was to be cooled
by flooding; both methods would require relatively large quantities
of water.

The Gregg Site optical tracking station was to be used for
this experiment. The optical laboratory is in the SE4NWLSE%
sec. 8, T. 225., R. 6 E.

53



Two wells were drilled at CGregg Site, & test well end leter
e production well. The test well was drilled by the hydrsulic-rotary
nethod during August 9-12, 1961, to o depth of 1,01C feet. Semples of
the drill cuttings were collected for each 1C-foot thickness of the
olson fill penetrated by the bit. £n induction-electriczl log of

the interval from 100 to 1,008 feet wes run fugust 12 (fig. 8). 2

e

Figure 8 (caption on next page) belongs near here.’

water sarple wes obtelned Mugust 18, 1961, through the drill stem from
the intervel 281-300 feet, using o double packer. 3Subsequently, the
test hole wes cesed with 8-inch casing to e depth of 500 feet. Perfora-
ted zones were selected from the data on the geophysicsl log. The test
hole wes cleaned out by Jetting beceuse large quentities of Tine sand
aed been pulled into the casing by beiling operetions. 2 turbine pump
was se* et 490 feet in the test hole on September 6, and the hole was
developed for approximately 8 hours by surging and pumping. Throughout
the developnent period the pumped water contolined large quantities of
very fine send and silt. At the end of 8 hours of pumping end surging
the specific cepecity wos ebout 11 gpm per foot of drawdown ond the
vote of pumping wes about 175 gpom.

} perfornance test was made September 7 from 5:00 e.m. o
5:0C p.ri. on the test well. The sand content ranged from 3C to 40 ml
per iiter. The test wns c-nirclled poorly owing to sand clogging the
orilice of the monometer tube. The gpecific capmoity, i gemeral,
wes cormensurate with thet given sbove. [ water sample was collected

B S L - M L. Y e S |
v the end ol the puwmuing period,
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' Figure 8.--Induction-Electric  log of Gregg test well (22.6.8.414),

White Sands Missile Range, N. Mex.
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* nroduction well wes drilled ebout L feet south of the test

hole =@ vas completed to a depth of 478 feet. The hole was 27 3/4
incher in diemeter and wos ~esed with lh-inch cesing perforeted in
fae sere sones os used in the test well (£ig. 8). The enmuler spece
Loetreon he ccsing cmd the well of the hole was pgrevel-packed by the
Fydrenlic method.  Drilling and grevel pecking were corpleted
Oetener 23 pnd the well wes cleaned out by jetting, rnd was developed
Uy surging ond purping October 2¢-29. Lorge quantities of rine sand
were removed ivouw the well duriig developnens ond grevel was added %o
Shwe gravel pacic to replace the send removed by surghng end pumping.

During the drilling o the test hole, somples were token for
h Leiwot Interval Irom 130 to 1,01C feet below iand surfoce. I

deseripsion of the samples s given in teble 5. fn imporvant testure
o’ She saxples, not obvicus in the geophysical log, is the bresk in
Iithology et a depth o about 500 feet. Thne bolson 11l sbove &
deptih of ebout 5C0 Teel, though fine-greined, contains e large amcunt
ol fine to very fine sand. The particle size or the section above

500 feet penerelly coersens upwvard toward the land surface. Most of

whge eloys are sandy and soft.
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Below © depth of ebout 5CC feet, the fill consists almost
entirely of cley. Although same of the clay is sandy, and o few
thin beds of gravel were logged, eny meteriel cosrser than clay
probably is in e matrix of cley. OSome of the clay beds are soft,
but mogt are firm, and severel beds ere so dry and compact thet

they seem tc be flakv and brittle. {See teoble 3.)
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Table 3.--Logs of materials penetrated‘bv Gregg test well (22.6.8.414),

White Sands Missile Range, New Mexico ~ Continued
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Table 3.--Log of materials menetrated bv Gregg test well (22.6.8.414),

ihite Sands “issile Range, New Mexico - Concluded
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The section of £ill penctroted by the test well et Gregg Site
contained more sand than was expected. f11 of the fill was expected
to be 1ike that below a depth of about 500 feet, which is similar
<o the section penetrated by test drilling in areas to the northeast
end south of the site. The sandy section sbove a depth of about
500 feet probably resulted from relative uplift of the mountains.

The uplift renewed the steep gredient and caused deposition of coarse
debris faxrther out in the basin, just as more recent uplift hes renewed
fan building slong the major fault near the Hesdquorters ares.

Measurements of the depth to weter indicete thet the static level
in the Gregg test well is gbout 213 feet below land surfece. The
altitude cf the lend surfece, estimated from a topogrephic mep, is
i,000 feet; the water-surface sltitude is 3,807 feet. The water
surface ot Gregg Site is lower than et test hole 5 (22.5.20.111),
sltitude 5,880 feet, and test hole & (22.5.16.111), altitude 3,828
feet, vwhich are to the west between the hesdquarters aree and Gregg
S5ite. The difference between the altitude of the weter at Gregg Site
end ot test holes 5 and 5 estoblishes & continuous slope of the water
teble from the Heedquarters well field to the main pexrt of the Tularose
Basin near Gregg Site. No reilcble data are sveilable east of Gregg
Site, but the water teble in the vicinity of Gregg Site probably is

the lowest in the basin =zt the latitude of the White Sands Headquarters.



! periowmeonce test wos mode on the production well at Gregg
Site October 30 from 9:50 a.m. to 3:5C p.m. The rate of discherge
wes meinteined at en overcge rote of 4.0 gpm for three hours,
508 g during the net J hweurs, ond TOL gpmoJer the lagt S5 kours
of the ll-hour popine nericd. The dischrrge wos measured by
reeng of o plpe crifice eond the rewvdown wes mecsured with &
calivrated electric water level detector. During the recovery
veriod it wes found that the celibration of the electric line had
cshenged, ond the measwrenent of z;esiduf:l drewdowr is considered to
he- accurate only for the last 110 minutes. Send content of the

water wes measured by means of cn Inhoff cone. The resulis of

the seversl meesurements cre shown n figures ¢, 11, and 11.

Figure 9 (cavntion on next page) belongs near here.
10 (caption on next page) belongs near here.

11 (caption on next page) belongs near here.
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. Figure 9.--Drawdown and residual drawdown in Gregg well (22.6.8.414),

White Sands Missile Range, N. Mex., during performance
test on October 30, 1961,

10.--Rate of discharge and sand content of water pumped from
Gregg well (22,6.8.414), Vhite Sands “issile Range,
N. Mex., during performance test on Oct. 30, 1961.

l1.--Computation of the coefficient of transmigsibility of
the bolson fill in the vicinity of Gregg well, White Sands
Missile Range, N, Mex., using residual drawdown after

pumping test on Oct, 30, 1961.
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DISCHARGE, INGALLONS PER MINUTE
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Figure 10.~-Rate of discharge and sand content of water
pumped frrom Gregg well (22.6.8.414), White Sands Missile
Range, N. Mex., during performance test on Oct. 30, 1961.

1
¢



e & K =200 ———pi
X
-
w 8 o
u {
'S
z ~
g, |
37
P
o
-
p T-2648K
) As
e _.264Xx200
a T
x 81— =:19,600 gpd/ft
(]
®
Kza,l09 r|+"+ o tg+t'+ o ta+t
1 «o,a_}_,; Qg 910'3+,. :la %01
i 1
800 600 700 800
K

Figure 11.--Computation of the coefficient of transmissibility
of the bolson fill in the vicinity of Gregg well, White Sands
Missile Range, N. Mex. using residual drawdown after plmping
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The specific cepacity of the production well wes 12.4 gpm per
foot ot the end of the punping period, while the well was being
punped ot o rate of sbout 7HC gom. The coefficient of transmissi-
bility os determined from the residusl drawdown (fig. 11) and
edjusted for the stepwise increase in pumping rete is 19,600 gpd
(gallons per doy) per foot. These date indicete that the well can
sustain purping rates of several hundred gallons per minute for
prolonged periods of time. The figyre for transmissi-
bility shows that the formation can transmit large amounts of water
to the well when the water level is lowered by pumping.

For the intended purpose of the well, & pumping rate of
600 gpm would be adequate. £t that rate, the well could be pumped
Tox prolonged periods with a punp setting of egbout 3C0 feet.

The well produced sand throughout the performence test. The
unt produced {fig. 10) wes generslly less than 5 nl per liter.
Iven in these gquentities, however, it would be best to pump the well
to wvaste for e short pericd eech time the pump is started, to avoid

£illing the storege reservoir or plugging the distribution system.



Ground water freom Lihe Gregr wite crea Ls wsuiteble for slmost
oy present use otiier than 2o0lly: tae growsd Ty flcooding, which is
the intended alterncte use. The cnalyses of sioples of water from

the vest uole cuad the produetic: well siww thet wvober as shallow as

SO0 Teets or encuh X feet below the woter teble, conteins about 8,900
prm off dissolved solids ard hos a percent sodiu of 72 (table 4), and

thot water Zroii below 500 feet contains about 15,000 ppm of
dissolved colids end ¢ percent soliu of (0. The water is sowewhat
amusuel. In Shat It is o ogsodlun sulfalte weter, vheress most highl

4

nminerclized weters in southern Iew Mexice are cither celeiun magnesium

sullate cr sodium chloride waters.



Small Missile Renge frea

The principel work crea in the Snmell Missile Range is a group
of bullidings in sec. 19, T. 21, S., R. £ E. The potable water suply
for the aree in 1961 came from o shallow well (21.5.11.411) that had
been yielding water since 1952,‘ The original yield of the well was
15 gpm. However, by 1961, the yield was only 10 gpm and was inedequate
for the neceds of the arar. fhterpts to rehsbilitete the well were
msuceessil,

Uell 21.5.15.411 is shollow end the weter from it is poteble.
Roportedly *-;he agquifer is fine send. However, o deep well ot this
location probobly would yield weter inferior to thet fror the shellow
zone. Investigrtions were made upslope townrds the mounteins to the
arest in gentions 16 and 17, where the probebility of obtaining poteble

woter Trov coarse send ond grevel is greeter. {See fig. 2.)



The locetions for test Arilling were about o mile east of
o fault scarp thet extends northeestward through the
NE cor. sec. 21, T. 21 S., R. 5 E. West of the feult 2 pediment
slcpe extends into a reentrant in the rmountain front through
which crrovos carry rnoff to the flats. The pediment 1s cut on
grevcite and is covered by only o few feet of overburden. Eest of
the fault, which has & vertical displecement of more thla.n 1,CC0
feet, the bolscr £111 is thick.

The contract for test drilling in the Swall Missile Range was
for one tc four test hcles, each 350 to 600 feet deep. The holes

vere *0 be drilled with nahle tools snd the hole diemeter was to

te elequate for 6-inch casirg.
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Test well SMR-1 (21.5.16.132)

Drilling of well SMR-1 btegur: June 2 and wes completed
e 05, 1960. The first weter wes found et 285-90 feet. The
hole was dr:illed to 6CO feet but was cesed with 6-inch casing only
to 73 feet below land surface. £ total of one hundred twenty-eight

feet ol the casing was slotted opposite selected zones. (See fig. 12.)

.~ - - - ——

Figure 12 (caption on next page) belongs near here.

The slots were cut epproximstely cne-eighth inch wide and 4 inches
long, steggered in rows, 12 slots per foot.

On June 22, 1960 the well wae surged with a tight-fitting surge
block. The fill washed into the hole was bailed out until the
quentity of meteriel pulled into the well by the surge blocks

dinminished noticeebly. The totel surging time wes 18 hours.
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. Figure 12,--Induction-Flectric log of test well SMR-1 (21.5.16.132),

White Sands Missile Range, N. lex.
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The well wes equipped with o S5-inch turbine pump powered by
an internal-corbustion engine snd wes test pumped June 24 and 25,
196T. Dischorge was mecsured with a pipe orifice end the weter
level while puming was neassured with an electric water-level
detector. The well was puwed ot two rates of discharge: &bout
130 gpm ond 15C gpn.

The drawdown ot the end oi 4 hours pumping at ebout 100 gpnm
was 17.3 feet, indiceting e specific capacity of 5.9 gpm per foot.
The gross Jrovlown after pumping on additlonel 7 3/4 hours was 27.8
Tech, indicating a specific cepacity of about 1.5 gpm per foot for
a veighted aversge dischorge of 12h gpm or 5.0 S o per ;oot for an

ins%entenecus rote of 158 gpm.

The purped woter wes brown with 5ilt and sond but begen to clear
about on hour sfter purping sterted; and by the 6th hour of pumping
the woter hed cleared of suspended motter. Fleld determinetions of
specific conductonce snow thot the -henlcel qualivy did not chenge
aepprecicbly during the test. The temperatule ou the woter was 80°F
The weoter level rnd roie of lischorpe during the tes® are shown

in fipure 13. The coeflicient of trensnissibility computed {rom

Figure 13 (caption on next page) belongs near here.

data given in figure 14 is about 7,900 gpd per foot.

Figure 14, (caption on next page) belongs near here.
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Figure 13.-~Water level during drawdown and recovery, and the rate
of discharge during performance test of well SMR-1
(21.5.16.132), White Sands Migsile Range, N. Mex.

14 ,~~Computation of the coefficient of transmissibility,
using residual drawdown after performance test of

SMR-1 (21.5.16.132), White Sands Missile Range, N. Mex.
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Test well SMR-2 {21.5.17.h:24)

Drilling of well SMR-2 begen ot the end of June 1960, and was
finished ot the end of September. The first weter was found st 305
feet below land surfece.

The driller had rmch difficulty with the wells of the hole until
terporary S-inch cesing was set ot about 620 feet. Drilling to 765
feet then proceeded without apprecisble difficulty, and 6~inch casing

wns installed in the lover zone.

7%



The well wes surged and clemsned out. During these operstions
the surze block became stuck near the bottor of the 8-inch cesing.
The 8- nch cesing was rerioved fror the hole to free the block. The
cnsing was reinstelled ond the hole was cleened out to bottom by
September 9. The well finelly weos cased with 8-inch casing to sbout
608 7eet below land surface end 6-inch casing from 598 to 747 feet.
These casings were perforsted from 295 to 588 feet, snd from 6CE to
715 feet.

! Germe Rey-Neutron log wes mode of the completed hole (fig. 15).

Figure 15 (caption on next page) belongs near here.

The logging tcol reached & depth of 755 feet, indiceting that the wells
in the lower pert of the hole did not cave resdily.

The annulsr spece between the 8-inch cesing and the wall of the
hole was filled with grevel by pouring the grsvel into the space at
the surface and then beiling the well to settle the gravel. The well

initielly required sbout ¢ cubic yards of grasvel.

T



Figure 15,--Gamma Ray-Neutron log of test well SMR-2 (21.5.17.424),

White Sands Missile Range, N. Mex,
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The vell was developed by surging first the 8-inch casing ond
then the 6-inch casing with vlosed surge bilozks and bailing out the
2111 thet wes pulled thwough ithe perforations. During the 5C nours
of working time required for develowment, the process of surging
firled the G-inch cesing with debris, snd the fill st one time
extended 15 feet or more above the tos of the 6-inch casing. The
large smount of perforoted pipe passed muc: debris, especially in
the depth intervel from 500 to 600 feet. Developrent end inel
clegning ves corpleted by Sept. £H, ~nd the test mip wes installed
on Cepterbar 7.

Test well SMR-? wa3s mumped September 29 to obtain its yield
and drewdown and the coefficient ~f trensmissibility of the aquifer.
The equinrent was thet us=d for “tecting well SMR-1. The vell wes
puzped 11 hours end L1 minutes, o* vhich time the test waos terminated
hecauge the motor stonped. The puwping rete was difficult to sdjust
during the test becesuse the notor ren irregulearly end stopped twice.

Three rotes of dischsrge were used: 116, 147, and 172 gpr (weighted

avercge). (See fig. 15.)
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/t the end of 201 minutes of pumping et ebout 116 gpm, the
instanteneous velue for specific capscity was 12.7 gpm per foot
of drewdown. /After pumping for an additionel 280 minutes at an
aversge rete of 147 gpm, the specific cepacity was ebout 12.3 gpm
per foot, and neer the end of the test the instantenecus value for
specific capacity wes 11.7 gpn per foot (fig. 15).

When pumping began, the pumped wster was charged with brown
silt and fine to coarse sand. After 26 minutes of pumping, the
concentrotion of suspended matter had diminished to 1.0 ml per liter,
and eiter 3 hours of pumping it had diminished to 0.1 ml per liter.
The water during the remainder of the test continued to caxry ebout
J.1 per liter of suspended ﬁatteru Field measurements of specific
conductence showed that the water remained constent in chemical quelity.
The woter tempersture wes 8i°F.

The depth to water and the rate of discharge during pumping on

Sept. 20, 1960 are giver in figure 16, and the specific capecity during

Figure 16 (caption on next page) belongs near here.

pumping and the residual drawdown after pumping stopped are given in

figure 17. The coefficient of transmissibility was computed from data

Figure 17 (caption on next page) belongs near here.

given in figure 18 and 1is approximately 20,000 gpd per foot.

Figure 18 (caption on next page) belongs near here.
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Figure 16.--Water levels during drawdown and the rate of discharge
during performance test of well SMR-2 (21.5.17.424),
White Sands Migsile Range, N. Mex.
17.--Specific capacity during test and residual drawdowm
’ after performance test of well SMR-2 (21.5.17.424),
White Sands Missile Range, N. Mex.
18.--Computation of the coefficient of transmissibility using

residual drawdown after performance test of well SMR-2

(21.5.17.424), White Sands Missile Range, N. Mex.
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da < * b2 e X 4 i
Choracter o2 the bolsen ©111

The voisc:. £121 1. the aweldl Missile Renge area 1is a mixture of
debris Irom the rocks in the adjoceur mounbtains. The drill cuttings,
drillirg time log end peophysicel loges obteined from test wells SMR-1
and SMR-° show thet the fill from the land surface down to the zone
2u0=57 feet 1ls mostly coarse-grained, and most individuel grains are
npular to sub-ongular. The extrenely angular fragnents logged were

?ﬂvv-'cs

[

7 larger percicles, such as boulders, that were broken up by

A
i8]

-

the driil bit. The upper zone contained relatively smell quentities

of cigr. Recognizable rock types in the f£i1l were dolomite or dolo-
satie Linestone, quertzite, guartz, feldspar, aud cheri. [/ couslderable
guriilhy of revro-nsgresin rinerels were presernt ss o very fine bleck
send. The lithologic bresk is shovm in the sauple logs, geophysical

legs, ond the drilling tiue log for SMR-1.
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Ciry ard sand ave Lhe princivel constituents of the 111l helow
the I1ihpi-sic Lre-k neey 060 feet, rlthough srovel olso is rresent
“noeprresistle gquerclities.  Fill In the deeper ione Is sl finer,
come ANstinetly Tedded fotericl. The grein size decrenses os depth

T 4

< . o~ '~ .y - : ~ T o, o, b "0"-71 &
inerannes,  In hosh well SMR-Z2, the driller repcrted Jrilling into
J

ehout ¢ feet.  He hesed tlis opinicn on o change in
Aviliing ote tnd formetion herdness. Exemination of the drill
sidineg chous thet the "redvock” Is ¢ tightly cemerrcd congleormercte.
e lrncll wrehelly s lrmeedicolely helovr the asone o wiuoen dxilling
stonnal, becavse & siniler couglorercle overlies Tedrech in the -
henmnriors crea.

The ryrrin size of the holoon £111 In e momesifte srrmle Trom

- .

. — [ ~ . -
“he sovme 0 o LS Peet in tegh well MR- dg rhovm In fimure 175,

Figure 19 (caption on next page) belongs near here.

Logs of samples from test wells SMR-1 and SMR-2 are given in tables

5 and 6, respectively.
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Figure 19,-~Distribution of grain sizes in composite sample from
the zone 300 to 445 feet in well SMR-1 (21,5.16.132),
White Sands Missile Range, N, Mex. (Sieve analysis by

Post Engineer Office, White Sands Missile Range.)
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Table 5.--Log of meterials penetrated by test well SMR-1 (21.5.16.132),

White Sands Missile Range, N. Mex.

Material Thickness ‘Depth
(feet) (feet)
Soil, full of cand and groveil. Fregmentis
are angular 5 5
Gravel, pebiles, and some very coarse sand 5 10
Sand, Zine- to very coarsc-graincd, and gravel 5 15
Sena, coarsc- Lo very coarse-gralined, gravel
and smell pebbles 5 20

Sana, very fine~ to very coarse-grained, gravel,
and snarl pebbles 5 25
Sand, very iine- Lo very coarse-gralned, and

smasl grevel. Pebbles al 35 and 55 fcet 30 55

wm

and,‘verykine- vo very coarsc-grained, very
L gravel and some ten -lay 15 70
band, flae- to very coarse~graine’, and small
grevel pertly bit--ul 15 85

Sand, 1lne- to very coarse-grained, gravel,

=
e,

stall pebbles 20 105
sand, fine~ to very coarse-graines, small gravel

and & large pebble cr two 10 115
Sand, fine- to very coarse-grained, end sumall

bit-cut gravel 10 125
Ciay, 311ty bhrown, very Iine~ to very coarsc-

—~—
-

m

ired coend snd Zone smell gravel 5 1350
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Table 5.--Log of materials penetrated by test well SMR-1 (21.5.16.132),

‘ “hite Sands llissile Range, I. Mex. - Continued
Material Thickness Depth
. : (feet) (feet)
Sand, very fine- {0 very coerse~grained,
silty brown clay and some small gravel 10 1ko
Clay, silty, vyellow-brown, very tine- to
very ccarse-grained sand, and smcoil bit-
cut gravel 5 145
Sand, fine- to very coarse-grained, small
bit-cut gravel, and yellow-brown clay 5 150
Clay, silty yellow-brown, and vewr” Jine- o
ver; coarse-grained swnd 5 155
. send, coarso=crainel, gravel, and :small
pebbles 5 160
Send, finc- to very coarse-grained, gravel
and small pebbles 5 165
Send, very fine- to very coarsc-grained, some
small pebbles, and silty clay 5 170
Clay, silty, yellow-brown, very fine- toc very
coarse-grained sand, and a few pebbles 5 175
Clay, silty yellow-brown, very fine- to very
coarse-grained, and few small gravel 5 180
Sand, coarse- to very coarse-grained, and
bit-cut gravel. Some silt 15 195
Clay, silty, yellow-brown, very fine- to
‘ very coarse-grained sand, and bit-cut
gravel 10 205
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Table 5.--Log of materials penetrated by test well SMR-1 (21.5.16.132),

WVhite Sands Missile Range, N, Mex. - Continued

Moterial T lckness Depth
(feet) (feet)

Sand, very fine- to very coarse-grainec, small

gravel, and some clay 5 210
Sand, fine- to very coarse-grainec end some clay 10 220
Sand, very fine~ to very coarse-greined, small

gravel, and sore clay 10 230
Clay, yellow-brown, scme sand, and very small

bit-cut gravel 10 240
Clay, sandy yellow=-brown 5 245
Clay, sandy yellow-brown, and very fine- to

very coarse-grained sand 10 255
Sand, very fine- to very coarse-grained and

some clay 5 260
Sand, fine- to very coarse-grained, and gravel 5 265
Sand, fine to very coarse-grained, gravel and

small pebbles 5 270
Clay, sandy ten 10 280
Sand, medium- to very coarse-grained, vebhles,

and tan clay 5 285
Clay, sandy tan 5 290
Sand, medium- to coarse~-grained, bit-cut

pebbles, and tan clay 5 295

Sand, fine-grained to fine-grained gravel, and

bit-cul pebbles 5 300



Table 5.--Log of materials penetrated bv test well SMR-1 (21.5.16.132),

‘'hite Sands Missile Range, JN. 'lex.

- Continued

lator al Tnickness Depth
(feet) (feet)

SLLt, tan, and tine- Yo arso-crained send 5 305

Send, coarse-gra.ned 5 310

send, coarse-greined, gravel, and small pebbles

Grevel and pebbles
Janc, coarie-nrened, gravel, small pebbles,

rained, gravel, and peblles

Jend, mediym-gra ned to med um bit-cut gravel

“

Send, medim-zrained to med um bit-cut gravel,

ard tan a8l
= .

Ciwa 10— Lo

-t

tay, oilty tan, and fine~ to medium
clay. HAoout 50% each
Cley, sility tan

Send, medium- to coarse-~grained, and
Sand, medium~ to coarse-gralned, tan
some small gravel

Cley, silty tan, and medium=- to very

grained sand

Send, fine~ To mediumegrained, ana s’

-arained sand

o

11y tan

coarse-

Cley, silty tan, medium- to very coarse-grained

sand, and small pebbles

20

10

10

10

20

Cley, silty tan, and medium- to very ccarse-grained

sand

345
350
360

370
380

390

395

100

Loo

hos

430

k35



Table 5.--Log of materials penetrated bv test well SMR -1 (21,5.16.132),

vhite Sands Missile Range, I. Mex. - Concluded

Material Thickness Depth
(feet) (feet)
Clay, saniy tan, and bii-cut gravel 5 Lho
Clay, sendy tan, bit-cubt gravel, and large pebbles 5 445
Gravel, bit-cut, small pebbles, and sandy brown clay 15 460
Clay, sand; trown, sand, and bit--ut gravel 10 470

Clay, sandy brown, sand, bit-cut gravel, and

small pebbles 15 485

Clar, sandy brown, sand, bit-cut gravel, and

large pebbles 5 iey)
Clev, sandy tar, and f'ne-crs ne’ gravel 5 405
Cler, sandy lan 5 500
Clay, sandy brown, sand and bLit-—-u0 gravel 10 510
Sand, bit- ut gravel, and large pebtles 5 515
Clay, brown, bit-cut gravel, end large pebtles 5 ' 520 .

Clay, brown, sand, and smell gravel (bit-Cut

at 5LC feet) 30 550
Ciey, sandy brown 5 555
Clay, sandyr brown, and some coarse-grained sand 20 575

Clay, sandy brown, coarse-grained sand, and
some smalil gravel 20 595
Ciey, sandy brown, coarsc-grained sands, small

gravel, and large pebbles 5 600



@ Table 6.--Log of matsri-ls penctrated br test well SMR-2 (21.5.17.424),

White Sands Missile Rangs, N. Mex.

Material Thickness bepth
(feet) (feet)

3ilt, reddish-brown. Complete grain-size

range through pebbles. Much sub-anguler

debris 15 15
5.1t, reddish-brown, sand and gravel, with

more 3ilt and cley n lower part of section 15 350
Gravel, small sub-zngular silt and clay 5 35
Gravel, small sub-angular, very coarse-grained

. sand end tan clay 5 40

Gravel, smell sub-angular, pebbles, very coarse-

graincd ocand, and tan clay 5 h5
Pevoles, bit-cut, grevel, and very coarse-

gralned sand p) 50
Pebbles, blt-cut, gravel, wery ccarse-grained

sand, and tan clay 5 25
Sand, very coarse-grained, small gravel, and

tan olay 5 60
Sand, fine- to very coarse-grained, sand smell

gravél 15 5
nend, fine- to very coarse-grained, smalil

gravel, pebbles and tan silt 10 85



Table 6.--Log of materials penetrated bv test well SMR-2 (21,5.17.424),

Whire Sands Missile Range, N. Mex, - Continued

Material . Thickness Depth
(feet) (feet)

Send, fine- to very crarse-grained and small

Sravel P 9C
Send, Iine- to very coarse-gralined, small gravel,

smarl pevbles, and ten silv 20 110
Sand, ["ue- to very ccarse-grained, small

crovel, and tan silt 10 120
Sandl, fine- to very coarse-grained, smalil

gravel, and small pebbles 5 125
Sand, Tine- to very ccarse-gra:ned, sma.l

gravel and tan silt. Sample 135-1hC feet

missing 25 150
Sand, very coarse-grained, small gravel and

a pebble 1C 160
$ilt, tan, very coarse-grained sand, small

gravel and pebbles 10 170
Gravei, smell, with some silt and fine-grained

sand 10 180
Gravel, cmall, small pebbles, and some silt

end fine-grained sand 5 185
Gravel, sma:l, silt, fine-grained sand, and

brown clay > 190
Sil%, browsn, and fine- to very coarse-grained sand 5 195
Send, coarse- tc very coarse-gralined, and

rown otilt 5 20C

-



Table 6.--Log of materials penetrated bv test well SMr-2 (21,5.17.424),

"Hite Sands Missile Range, N. Mex. - Continued

Meterial Thickness Depth
“eet) (feet)

Sand, coarse~ to very coarse-~grain cemented,

and brown silt 5 205
Sill, tan to brown, very coarse~grained sand,

and pebbles 5 210
Send, Tine- tc very coarse-grained, small

cravel and silt 10 220

Sa

oend, fine- to very coarse-grained, small

gravel, silt and very comell pelbles 5 225

Send, fine- to very coarse-grained, small

gravel, silt, and large pebbles 5 230

small peblles 5 235

pebbles, and much tan silt 10 245
Silv, tan, very fine-grained sand, small pebbles 5 250
Silt, tan, and very coarse-grained sand 15 265

Sili, tan, very coarse-grained sand, and

small pektles 5 270
511t, tan, and very coarse-grained sand 10 280
Samples missing 15 295
5ilt, tan, and very coarse-grained sanc 5 300
Clay, yellow-brown, in lumps 5 305

Sand, mediuwm- to coarse-~ raine%émall gravel,
2ctles, and small emount of clay 5 310

Clay, sandy yellow-Drow ., i- I.uiips

o

\n

315



Table 6.--Log of materials penetrated hy test well SMBR-2 (21.5.17.424),

. tThite Sands Missile Range, N. Mex, - Continued
Material Thickness Depth
(feet) (feet)
Clay, with much included small gravel, and
a pebble 10 325
Clay, very sendy brown, and small gravel 5 330
Clay, very sandy, brown, ir lurps, and a
pebble 5 335
Clay, sandy brown, and medium- to coarse-
grained sand 5 340
Clay, sandy brown, in lumps, and fine-grained
gravel 5 345
Send, s.1ty, medium- to coarse-grained, and
. small gravel 5 350
Ciay, yellow-brown, asnd medium- to coarse-
grained sand > 355
Clay, sandy, light-brown, stiff 5 360
Cley, sandy, light-brown, stiff, and fine-grained
gravel . 10 370
Clay, sandy)l'ght—brown, in lumps 5 375
Sand, medium- to coarse-grained, fine-grained
gravel, and a lump of sandy brown clay 10 385
Clay, sandy brown 5 390
Clay, and ccarse-grained sand 5 395
Clay, sandy light-brown, in lumps, end some
. pebbles 5 100



‘ Table 6.--Log of matericls pencirated by test well SMB-2 (21.5.17.424),

White Sands ‘lissile Range, N. Mex. - Continued

Material Thickness Depth
(feet) (feet)
Clay and Tine- {0 coarse-grained sand 5 Los
Clay, sandy l.ght-brown, in Llumps 5 410
¢ ay, vellow-brovm. RAlmost no ¢ arser material 5 h15

Clay, light-brown, coarse-gra:ined sand and

small gravel 15 430
Sand, medium- to ¢ arse-grained end some yellow

clay > L35

Ciar, light brown, and c.oarse- rained sand.

Clagy firmer than above. A few pebbles 15 450
. Clay, light brown, some coarse-grained sand,
and fine gravel 5 L55
Clav, vellow-hrown 5 460
Clay, vellow 5 465

Clay, brown, and very fine- to coarse-grained

sand - 5 k70
Clay, yellow=-brown, and very fine- to coarse-

grained sand 15 L85
Clay, vellow~brown, very fine- to very coarse-

grained sagd, small gravel, and small pebtles 10 495
Clay, yellow-brown, fine-grained sand to

fine-grained gravel 5 500

Clay, brown and fine-grained gravel 10 510



T-le 6.--Log of motcricls penetrsted by test well OMR-2(21.5.17.424),

‘ hite Sands Missile Range, N, Mex. -~ Continued
Material Trickness Depth
(feet) (feet)

Jend, very fine- to very crarse-gralned, small

gravel, snd tar clay 10 520
¢ av, brown, and very f'ne-grained stnd to

fine-grained gravel 1C 530
C ay, sandy brown 5 535
Cay, sandy brown, and very coarsce-gra ned sand 5 540
Cravel, flue-grained, and sandy brown clay 5 545
Sand, medium~ to very ccarse-grained, fine-

grained gravel, and brown clay 30 575
Clay, sandy brcwn 15 590

o

Send, fine- to very c .arse-grained, and sandy

by own cley 5 295
Clay, sandy brown 5 600
Sand, medium- to very coarse-grained, and

sandy brown clay 5 605
Cley, sandy brown 5 610
Sand, medium- to very coarsc-grained, small

gravel, and brown clay 5 615
Clay, sandy brown, medium- to vefy coarse-

grained sand, and small gravel 10 625
Sand, very fine- to very coarse-grained, small

gravel, and silty brown clay 10 635



Tuble 6.--Log of materisls penctrotel by test well SMR-2 (21.5.17,424),

White Sands “tdssile Range, N. Mex., - Concluded

Materisal Thickness Depth
(feet) (feet)

Clav, br.wn, sand, and small zravel-
one pebble 20 655

Ciay, sendy brown. Caliche fragments at

710 feet 60 715
Clay, sandy reddlsh-brcwn 15 730

Clay, br.wn, and very f ne- toc ~oarse-

grained sand 5 735
Clay, sandy brown 10 745
Clay, brown, and very fine- to coarse-

grained sand P 750
Clay, sandy brown, medium- to very cocarse-

grained sand, and fine-grained gravel 5 755
Clay, sendy brown, and very coarse-grained sand 5 760
Sandstone, well-cemented, arkosis. Driller called

“his bedrock because of the hardness ~f the rock

and the slowness of drilling 5 765

V0o
@



Cround water

The setureted bolson fi1ll at the test sites is more then
=5C feet thick. The top of the saturated zone i1s about 3,890
feet above mean see level at test well SMR-1 and about 3,804
feet ot SMR-2. These altitudes it into the pattern of contours
showing the shape of the water surfece in the headquarters erea
ond vicinity as described by Herrick (1958, plate 1). The source
of water in the Smell Missiles Range ares is west of the well sites.
Ground water moves east-southeastward from the well sites towexrd the
Fiats cf the Tularosse Besin and then moveg gsouthward. Recherge to
the Smell Missiles Renge arem comes parily from ebsorption of
wrecipitation and subsequent underground transrission from the
reentrent ebove the test well area, end partly from sbsorption
of precipitagion.and exrroyvo flow in the vicinity of the test wells.
Becouse the upper psrt of the reentrant is e granite pediment in
which the vater is in fractures in the grenite, rather than in the
overburdern, rechsrge fron this area probably is the lessexr of the
two emounts. The cosrse-grained alluvium in the vicinity of the test
wells, and upslope es fer &s the fault scarp mentioned previously,

probebly is the principel recharge eree.



The quentity of rechiewrge cen be estimated from the slope of
the water surface, the coefliclent of transmissibility of the bolson
£211, and the width o' the sreo concerned. The weter levels in the area
have not been distrrbed previously by pumping, so that the flow of
water <through the even should represent the amount of water entering
the agquifer. The slope from SMR-1 to the production well st the
Snall Migsile Range work area is 51 feet in 1.29 miles, or ebout
i feet per mile. The coefficient of trensmissibility was about
20,000 gnd ver foot from the aquiter test at SMR-2. For a mile
width of the aquifer the rate of flow = 2C,000 x 0 = 800,000 gallons
per day per mile, or sbout SO acre-feet per year per mile. This
figure is somewhat lower then the estimaete by Herrick (1958, p. 54)

{or the hesdquarters ares. The headquerters sres, hovever, hes &
rmuch larper recherge sres nnd should heve more recharge.

The ccefficient of tronsmissibility at test well SMR-1 is sbout
7,300 ¢pd ver foot for a satureted section epproxinately 200 feet thick.
The coelilclent of trangsinissibility st test well SMR-2 is about 20,000
gpd per foot for & saturcted section about 450 feet thick. These
flgures cre gpproximately cormparable when related to thicknesses end
also sre compersble to those for the bolson £11l1 in the heedquerters
area (Herrick, 1958, p. 104). The specific capescity for SMR-2 after
purping chout 12 hours ot 1156 <o 180 gpm was nesrly 12 gpm per foot of
drewdown. From these data, a production well in the Small Missile Renge

arez drilled to a deptl: of gbout T5C feet should produce 500 gpm or more.



Chemical quality of ground water

The chemical quality of water obtained from SMR-1 and SMR-2
s rompearable to tiue supply being uéed at the Small Missile Range
in 1961 (table 7). The water is very hard, but the concentration
of tetel dissolved solids is about 500 ppm and individusal constituents
are 1ow in concentration. 2Although the concentration of dissolved
solids in the §m311 Missile Range water is about twice that of water
in the readguerters area, water from the test wells in the Small
Missile Range erea is not only potable, but is far superior to most
water supplies used elsewhere in the Tularose Basin.

Ricarbonate and sulfate sre the principel anions. Calcium and
magnesium are the principal cations. These ions are the reason for
the relatively high figure of 350 to 400 ppr total hardness.

The fluoride concentration in the water from the Small Missile
Range wells is 1.0 to 1.5 ppr. This concentration of fluoride is near
the maximun permissiktle limit for cnlldren whose teeth are developing
(P1b1is Heclth Service). This fact should be considered before using
water from the Small Missile Range as an auxiliary supply for the

headgquarters ares.

100



Firther exploration of water quelii- in the Smell Missile
Renge ares should bte nmadse belore any large-scale development is
planned. Little is knp wn of the lateral distridbution of the potable
water, but it is rmowr that the quality deteriorates eastward and
with dep~h. This deterloration is <emonstrated in the study by
Herrick (1958) and is indizeted by the results at Cregg site and

by the geclogy of the lower perts of the Tularcsa Basin where there

are saline pleyzs and lakes.
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par: of the Hooerdous Test Aren. The uvoter wes inhended to suyply
domestic needs for o Plauxed smell installetion In the
WEsrA L sec. 2%, T. 21 5., R. ' E. Only the arec north and
nortinres?t of the point of use wrs studled, becouse of its fovorable
topographic position.

During July and Mugust 1060, brief reconneissence in the Hazardous
Test frea reveeled only two wells that might supply the required smount
ol woter. Other wells and the springs in the aree were inoperstive,
dry, or yiclded less than the required amount of water. Seversl old
nine shafts Iin the asres which might supply the required amount of
woter were not investigated because the weater from the mines probsbly

is polluted.



Most of the Hazerdous Test 2Arec i8 a pediment developed on
granite, gneiss, cnd schist (Herricl:, 196G, fig. 24).

The paediment is overlain by 1 toc sbout 5C feet of soil, sand
end grovel. The overbuxden 1s pilerced locelly by exposures of
gran.te and other rocks, es In Mineral Hill and Rsttlesnsle Ridge,
and the granite is exposed in numerous arroyo beds. The grenite
pediment is bounded on the north and west by sedimentary rocks in
the San /fndres Mounteins end San Augustin Mounteins, on the south
by leyge nills such as Minerel Hill and Parker Eill, =ud on Tthe east

vy o Zualt thet trends noriia-uoriheast Liwrougia the cenvers ol sec. 30

et
$
&
3
M
t
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tue dazardous Test /rea, the grunice 1s weothered o0

places ¢ a depti ¢ o8 mml es XL L The weotnering is ernanced
oy & syshan of Joinls and LUy locel shalttersd zones cad smell feoulis.
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Ground water in the area

The Tev control points indicate that the coverburden in the
yea does nwot cantain weter. Vhere weoter is found in wells and
other excavetions, it is in the igneous rock. Although m well
drilled anywhere in the aree probably would encounter some weter,
the neximum ylelds would be obtained in sreass where the granite is
shattexel and where there has been a substantlial amount of weathering.
Moxirnm -rields probably would not exceed 25 gpm. i

The water table in the Hozerdous Test frea slopes steeply
southeastyard in the same direction as the land surface. Although
+he dont to weter is net wndifovn thwoughout the nrez. ne well has

ooweter revel grenter thivn ohout 12C feet below land surfoce.  Most,

&

L2 a0t £3d, of tha woter Is stored in the neer-surface zones cf

Y 2u dn 3 ? ol Y, A - t 2 de o+ - Ao
shrthored o3 wortherad rocts. Tho roount of wrter shored In “he
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‘mivto end other froactures. The overburden end the frrotures in
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The pronste heve o lerme inteke caopeoelity, end weter, wher avellohle,
ontorn Lho gratert recdily. The s~ elds of heovily momaod srells i
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the Tranydaus Tesh frer probobly would diminish substenclinlly during

s
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Il o time vher wwtonr senernlly is st needed, sruse Bl
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stornge orpocity of the rgulor In low ol the renlerre is irvesular.



Wells investigated

Consuruction data were collected and performance tests made
on wells 1.4,11.311 and 21.4.22.222, Both wells are used from
Line Lo time to supply water for wildlife in the area; both wells
arc equipped with windmi:lls. Supplenentary data from Alamo Spring
{21.5.7.431), obtained during a visit prior to the Hazardous Test

Lree study, also was used in eveluating the water resources of

N

the area.
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Well 21.5,11.%1%L, on i 2 enst side of the Drop Test Tower site,
is equipped both with o windmill end a gasoline engine. The well
has O-inch cesing end is 198 feet deep. Depths to weter in

well 21.4.11.311 are a3 follows:

Date th to water bhelow land swrface
(feet)
2-12-5% 110.9
7-12-60 70.6
71460 70.7

The well probebly has not been sltered since the messurement
:n 17°% b Herrick .96C, teble i).

The well vas testeld July li, 196C, utilizing the pump eck end
engine. The well was pumped cpproximately 3 hours at the end of
wihich tlme the weter level had declined to the bottom of the pump
intolie and the pump ceesed producing weter. Purping for 3 hours
et 5 gpe produced 68 feet of drawdown or ebout 0.0! gpn per foot
of drawdown. The well was not considered further because the yield

was ilnadequete for the Intended purpose.
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Kell 21.5.20.000 1s -rest of the Sest lwoiscs in tho Nike Tforhead
Test frec nnd nerr Zhe newth ond of Minerel M. I August 1061,
the woll vos aquivpe? culy with o windill, o0l wos 20 Zcet deep.
The well :enhalns chout 10 Seet of 8-inch surince cesing; below the
pipe the rrenite in the woll of the hole it strble anl reqiires no
suppoxt.

5

The well wes test pumped et a rate of 3 gpm for 55 hours

fugust 5, 1960, and the drowdown was 2.4 feet. (See fig. 20.)

Figure 20 (caption on next page) belongs near here.

- . ’

The resulits o the test indicobod thnet the well might meet the

requirdiane o al-1Y gun, aud furlther work wes plonned. Lo odd-tion
to L oSonger, betier-conioolled numping tesv, 1t was proposed ihet the
wels ve decpened, bececuse wore of lhe fracture system in the grunite

might ve penetrated and Wie yield ol tie well lLucresased.
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. Figure 20.--Performance test of well 21.4.22,222, Hazardous Test

Area, White Sands Missile Range, N. Mex., Aug. 5, 1960.
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Perry Eros. Drilling Co. contrncted to deepen well oL .02.202
6 120 feet rnéd te test purp the well for 12 hours. Prior tc deevening
he well wes tested by holling ond subsequently mensuring the rete of
~eccrers.,  The bailer had o cepacity of 21 gsllons and the well was

beiled © times in 6 minutes, or at a rate of sbout 32 gpm. Figure 21

f

Figure 21 {(caption on next page) belongs near here.

shows recovery measuréments after the bailing test. The residusal
drawdow:: was 0.15 foot 20 minutes after the very s};ort period ‘oi‘ beiling.
The deepening of well 21.%4.22.222 began October 8, 1960, and ended
Cctober 12. The semples of the drill cuttings (teble 8) indicete the
rock penetreted wes granite from 80 to 125 feet end & derk, fine-grained,
igneous rock from 125 to 13C feet. The deepening of the well caused no

‘henge in weter level in the well.
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. Figure 21.--Recovery of water level after bailing well 21.4.22,222,

Hazardous Test Area, White Sands Missile Range, N. Mex.,

Oct. 6, 1960,
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Figure 21.--Recovery of water level after bailing well

21.4.22,222, Hazardous Test Area, White
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Table 8.--Log of materi:sls pene rated by well 21.4.22.222,

Hazardous Test Ares, White 3ands Missile Range, N. Mex.

(3tock well deepened fr.m 8C to 130 feet, Octoher 1960.)

Thickness Depth Drilling tine
(feet) (feet) (minutes)

FBottom of existing well - 80 -
"Grenite", meinly quartz and

feldspar with a low percentage

of ferromagnesian minerzls 10 90 210
"Granite", es sbove. Drillingc

cultings finer > 95 95
"Granite", quartz and feldspar,

with increased lerroiiagncesian

minerel content, Cattings

coarser 15 110 300
"Granite", as from 95 to 110

feet. Cuttings very fine-

grained 5 115 120
"Granite”, as from 110 to 115 10 125 110

Igneous rocl, dark gray. Texture
very fine-rreined but rock is
holozrvrstnlline. Approximately

50% ferroragnesian mincrals 5 130 50
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T well e test wrmped T 17 bours Ockoher 13, 1046C. A

"

cylinder pum (0 inches Iovg ond O /b inches in diameter wes set

Doal L6 Jeev Lelow I 2 sunface.  The pap wrs cpercted by the
wiiilig cie, and the wveter wrs hrought to the surface In e i-ipch
pipe. Mecswremernts of depth Lo water during the pummping test and
+the gubsequent reccovery were nede with an eleciric weter-level
indicator. The rete of discherge was measured with z 5-gallon
buclhet and stopwatch. Measurements during the test ecre shown in

Tigare 2. e Jeptiis to rter sihown 1 the “gure have been

Figure 22 (caption on next page) belongs near here.

corrected so as to be comparable with depths to water shown in figures

. 20 and 21,
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. Figure 22.--Water levels during drawdown and recovery and rate of
discharge during performance test of well 21.4.22,222,
Hazardous Test Area, White Sands 'Missile Range, . Mex.,

Oct. 13-14, 1960.
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Dete in figure 22 show that well 21.4.22.222 cen produce
epproximately 10 gpm for pericds of et least 12 hours, or ebout
T,2CC gellons, without ¢ large drewdown. The well, however, cennot
Vield much more than 10 gpm without large drawdown and probeble tem-
porery exhaustion of the supply after & few hours of pumping. Twelve
hours pumping et an aversge rate of ebout 11 gpm produced a drewdown
of 12.2 feet, a gpecific capacity of C.9 gpm per foot of drawdown.
This figure for specific cepacity is comparable with thet obtained
Trom the test on fugust Y, 1960 and shows that deepening the well
did not inecrease the productive capecity of the well.

The residusl drewdown, cpproximately 17 hours efter purping
stopped, vas gbout 1.6 feet, a significant part of the total drawdown
'l the residual drawdown still was reletively large several days
after the test. The stornge aree contridbuting water to the well
is limited, and continuous day-to-fiay pumping of well 21.4.22.222

night seriously deplete the water in storege during dry periods.



Chemical quelity of water

Two sormles of water were obtained from well 21.4.22.222,
one samle before deepening the well and one efterwards. The
gnalyses of the semples, end one of weter fror Alamo Spring are
given in toble ©, The analyses of water from well 21.%.22.222
show thot deepening the well did not change significesntly the
chemicel charncter of the water. The cnalyses in table § and
those fror srmples collected by Herrick {1960, teble 6) show that
greund weter in the Hezerdous Test Ares is low in mineral content,
but ic 5lightly hard. The water is chemically suitable for drinking
hut ~ortains ebout 5 vpm fluoride and about 2C ppr nitrate. The
woter shonld not be consumed by persons whose teeth still ore
doreloning - The weters probably should be exemined for bacterio-

logianl »urity becouse the nitrete content is so high.
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Rhodcn Cunyon Raonge Camp (Pole 1738) avca

. proposel axprnsiocn of Racdes Tenyen Range Couo {wole 2788)
. I . S PO . 2, e e RN . . "~
Liooa L roilled the peotextlol wober use st lhe cor eooul 17,000 gpd,
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hauling the edditicnel waoter

Uile TIRg, o0 efxul LTaells; Shie fomi of
Woudd we Meessive.

In tie west-cartrel Tulcrcsa Besing soline ground webter 1s
Juesent close to e meunvalin rrort. T is probetblv Iz Lecmuse rost
oo thio cerntral and scuthern son fulres Mountoins sre relatively low
il thereltre receive leso rein thwn the higher mountains to the
nortl: tnd the renges on the cost side of the basin., Recharpe to
sraigid wewer s smell beeause the smount of precipiteotion is smell.

Fowell, obout o miles soutlh of the cerp and showm cn the Dlsck
Top Mowutoin topegiaphic mep es the ¢ Henderson well (14.5.8.%21) s
LiClus water .onteining cbout €,200 ppr of totel sclids ¢of which

crout J,40 ypm ls chloride. The depth to weter fs reported to be

54 feet below land surface.
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The 11l for seversl miles east end south of the cemp probably
is snline as evidenced oy the seline residue in the low eoreas.

Toc the west end noxrthwest of Rhodes Conyon Renge cemp, conditions
are such thet the occurrence cof potnble wnter is probable. The
mountein area from Rhodes Cenyvon north and northeest to 3Salinas Pesk
includes sore of the highest perks in the mountein range snd the
renge is widest there. Thus, precipitation and resulting recharge
<o the bolson £111 should be somewhnt grester than in the areas to
the south. Mest of the gypsifercus rocls in this eres,occur in
the baclslove and are breached only by the largest canyons in their
anermost drainepe.

Thae M:Donald South well (13.5.202.3"1) has a renorted weter level
cf 170 feet below land surfree. Scldiers from Rhodes Conyon cemp
reportedly used weter fror: the well before potable water wes trucked
“o the carp. Records ¢f cther wells finished in the bvolison 111 west
of the range camp ere not sveileble. The inferred potable water st
well 13.5.29.3:1 mmd the runoff from the mounteins indicate the large
cormposite fans reaching frorn Rhodes Canyon northwoard to the hase of
Jalinas Pesk mav contein coarse~grained debris thaot will yvield an

spprecieble quantity of notable woter.
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Gelection of & test well g.le Js ccoplrcoted by sn Inferred
variaeble thickness of the aliuvial fan deposits, owing to faults in
the underlying bedrock. The bedrock faults are suggested by the
extensive cross feults of the mounteln mess and by foults cutting
the pediment surfece at the foot of Selinas Peak. Consolidated
rocks crop out in the fan ares only in the pediment. A system of
down-slepped blocks from the mountein mass into the basin, such es
is present elsewhere in the Tularosa Besin, is likely. The thickness
of the fill cennot be estimeted. Three test-hole sites are proposed
For drilling in the following order: 1) NWicWisWsd sec. 12, T. 13 8., R. 4 E.
north of State Roed 52 on the upthrown side of ¢ probable fault;
©) NEANELIWE sec. 18, T. 1% S., R. 5 E. north of State Road 52 on the
downthrowa side of e probable foult; end 3) FWHW4SWE sec. 5, T. 13 S., R. § E.
Specifications for the first site probebly should cell for & minimm of
300 feet ond a maximum of 1,000 feet in depth, drilling to be stopped
if bvedrock is penetrated to a depth of 10 feet. The other two sites
should be drilled to 1,CCX feet or bedrock, whichever is shallower.

Drilling also should be stopped irn the event that saline water is found.

R

R



Reconnaeiscance of ground-water supplies in the

vicinity of Selines Peok

Potable water was needed in 1960 to supply the Solines Pealk
ingtrumentation site and Sslines Cerp, & maintenence troop shelter
adjacent to the Pesk. The water was being hauled by tenk trucks
frorm Murrey well {8.5.32.531), which also is the source of water
for Htallion Renge Certer ond cther instelletions in northern White
Sends Missile Rrnge. Merray well 13 ebout 2C rfles, airline distance,
from Sellnes Peek, nnd trucks houling water to the iustrlletion had
to travel ebout twice the airline distance, mostly over winaved roeads,
 had to clinh rore than 2,000 feet in elevation to (plinas Comp,
and move thoan L0720 feet to the top of the peak itseldf.

The demen? for weter ot Seolinas Peok and Salines Corpy, In 196C,

N

Tluctueted from ons 1ithlie eos 1,000 zollons per weel:r Lo more than H,000

1

gallons per day vhen the troop shelier was in wge and worl: was belng
done ot the instrmentotlion cite. Plenned demands in 1061 were 3,000

e 5,70 grnd, Wivtk future demend moy grow to o6 maweh os 70,000 gpd.



£ reconnaissance wes made of about 65 squere miles in parts of

-

T. 11 S., Rs. %5 E., end irn parts of the adjacent townships (fig. 23).

Figure 23 (caption on next page) belongs near here.

The area is a part of the backslope of the San Andres Mountains, no
feultblocl: range, the steep side of which faces eastward. The
mounteins trend generally northward, but in the study srea they ere
offset eastward. The San fndres Mountains hove 2 generel sltitude

of 6,000 to 7,500 feet, but Selinas Peak has an eltltude of 8,958
feet. The upper parts of both the cuesta face and the backslope of
the mounteins are deeply dissected by canyons thet in places have
slrost sheer walls. In most of the mountains, the routing of drainsge
end the land forms are greatly influenced by the geologic structure
and the diverse lithologic charazcter of the rocks. Silvertop Mountain,
for example, is cepped by o resistant igneous sill. Most caenycns ore

developed clong faults or strike velleys. (See figs. 23 and 2!.)

Figure 24 (caption on next page) belongs near here.

The San Andres Mountains in the study eree ere high, but receive
relatively small amounts of precipitation, aes indiceted by the vegetaticn,
which in most parts of the study ares is only & sparse to moderate cover of
Juniper thet generslly does not retard runoff from the rocky slopes. On the
lower slopes desert vegetation is sparse, end the alluvium in the relatively
level valleys as in Thoroughgood Canyon in sec. 7, T. 11 S. R. 5 E.,

contalin erroyos with cut banks 5 to 3¢ feet deep.
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. Figure 23.--Locations of wells and springs in Salinas Peak area and
vicinity, White Sands Missile Range, N. Mex.
24,--Geologic map of the Salinas Peak area and vicinity, White

Sands Missile Range, N. Mex.
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Generel geology

The fcllowipg desexiption cf the gerlicgr of the ores ig lergely
rdepted “rom Welr (Welr, J. E., in Berrick ond otkers, 1061). In the
renernl grer of ztudy, sedirentery rocks rest on Precorbrien Igneous
rrd reteoeryhic reocks thet are evposed in the tese of the Sen Andres
dMow:iuln Seont {(Dlg. 200, Te sellnentery zolls renge in sge lrom
Crrbrien o Permion. Zome Cueternary elluvium is present locelly in
strear: valleys but for the most pert it 1s thin, end is not known to
be weter-beering. In the irmediste ares of study, the dense and
generslly impermesble pre~Pennsylvonian rocks ere huried deeply and
probably contein little water. The water-bearing formetions in the
study earee sre in 8 section of sedimentary rocks less than 5,000 feet
thick thot,unfortunetely, contain chemical precipitates such &as
gypsun as well asg clastic rocks.

The fornntions thet are potentisl sources of potable water near

<. “nas Peek ore, in ascending order, the Pemnsylvanian nart of the

Magdalena froup and the Abo Formation of Permian age.

—~
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e Maganlenn Groun consisls zhiletly of the Saadlia Foruation
ant ovarl;ing Medera Pormation. 1T the Salinas Peak ares underl;ing
t2in beas of limestone and compact shale of Miusissippian and
Devonian aje have been mopred wit. Tos Megdalena.  fhe lagdalens ié
mcre Lnan 1,000 fozo chics andg woy approach 5,000 fe=t in thicsness.

Jne groul crops out In a oroal band that strliiss northeastward 2200358

I'ne rocks are erxocosed bolz in the face of trne mountains

and o tae backslope. Ihey consist chiefly of limestone 1In the

lower part anc massive limestone with some interbedded shale in the
Joe cockes L the Magdelena Group are dense and have low perneability,
cxreph whare Lie coons zove Lern fraciured. round voeter in oie group
iz opoor in guall.y owing te cmell lceel ceposits of sulfeate minerazls
LoV or frecoure fillings.

‘e Abc Sanostone of pPe.mian age consists chiefly of rad to
ptroplish-red sandstone ara nudstone, most of which is fine-grainea
ane wel. consolidatod. Ize formoticn crops out as a nearly continuous
band wesl and anorthwest of tre M caalens rocks. Althougr the Abo is
stratigrapnically nigner tran ths Magdelens, in most areas in the San
Andres Mountains it is well down the buckslope, and only the sandstone
unlve Jgenerally are exposad, Lh shale or mudstons units khaving been

:

crodad and ccovered in ve lleys.



e R
LEUWE

I
-

oclis Shaav cfteee tae ground wotcr veondivicns cop

- o, o N

Celines Pesk and cdjecendt pechs (fig. ©0) cu the Son Andves
Mounvesus cver o dilstouse of cbous £ riles. The ignecus zock
-6 cremn e pink Lu color, Jine-grolued, cnd conmbolis cwnll
pacnooryses. I L8 rother LOLOgCRCousS Ln gross appelutn ¢ ot
oSt locoticns where U woo coxonined ou Sclines Peak.

e agrecus recks poscibly cre tilliest ov oolines Peoi, on
thaey cihin with distance Do tace peck, perticalerly scrtiwerd. The

O Py . . P,
LITUINAELVC LSO

Lo Sndres rence ond nontle ¢
Ocunsiderabic nreo of potentinl growd-weter lmtdde, vwiere precipi-
Lovlen Lo greestest. Tac Lgoneous rocks weother reodily to o slebby
rubble <o depvhs of 1 to © feat, and they are jolnted belew the
reasaered cone. These rec

% - ~ -~ ~ 2 s -~
iS5 provclly ore pornecble cnly in foult

sones, cnd relatively 11iitle woter can e trensziitted dowrmwoad

e Y P - B N R XY P ~ R
shrowgs wlen. o tlic wderlylng sedimeitary IClills.
rv

T PP S T, L S -
T Som Muadres Mountelis censiot of o oseries of faunltblochks

- e~

shat reach Irom Mochdogbixd Cop iz 7. 0 8., scutiward obcut T2

wiles to Block Mountoin, near she Sucll Missile Range in T. CL 3.
slthougn suructurel featices dilter locally, the ronge is primerily
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systam thet has a vertical displacement of more then 4,000 feet

rnear Solinas Peak. '
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I system of transverse faults strikes northwestwerd in the
Selinas Pesl: area, rmore or less normal to both the formetional
contects and the mpjor fault systern ot the bese of the mounteins.
The larger feults of this tronsverse system, shown in figure 24,
have verticsl displecements of a2 few feet to severel hundred feet;
for euweample, along the fault thet trends northward through
sec. 7, T. 11 S., R. 5 E., the Mggdaslenc Group is in horizontel
contact with the Sen fndres Limestone. Both the sedimentary end

the igneous rocks ere fractured sdjecent tc these tronsverse feults.
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Cround-voter

Data releting directly to the cceourrence of ground weter in
“he Fplines DPeak arer wos obtrined for 11 wells and 2 springs
(trsble 1Y, f31 these sources are on the backslope of the
rmomhe ra.  Weter sources on the enst fece of the rounteins were
not visited heceuse ther are reletdvely Inaccessihle end time for
+the atudy was short, For, comperstive purposes, deta on ;the wells
and surings visited, reported dotc on the water sources on the east
slopes of mountaeins, end date for the Murray well, the Cain Ranch
recdquorters well, snd the Herdin Rench well, all of which are

utside the srea studied, are included in table 1C.

AL 1% wells and springs visited, except Mortin well, Grapevine
well, and Grapevine Springs, are in a state of disrcpeir, beceause
the wells end springs were primerily sources of weter for stock,
walch no longer ere raised in the area. The three =iceptions are

vells iept In cperoting condiilon to provide woer for wildlife in

The eoren. Severnl wells, tr enniple 12.2.135.215, hod been sealed,

-

. LR - Ve b . - e % .
30 Loyt rogzsurxets joall net he riede.
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Ground~weater in the wells thot were visited was generelly
less than 10C feet belcw lond surfrce {fig. 23). These shallow
depths to water beneath the steep slope of the lend surfece give
the illusion of a steeply-sloping weter teble. However, an ereelly
extens.ve wveter teble probebly does not exist, ond mest ground water
roves downward Trom the higher elevations through the system of
faults. Every water source adjecent to Salines Pesk that was visited
is relcted to o structural zone. A weier table possibly exists in
goch discrete fault bloclk, but, beceuse the water-bearing rocks
have o low permesbility, the rmost reedily sveileble woter should
e found in the viciniiy of faults. An illustration 1s Smith
well (11.%.29.1%1%, which is in a fault zome where the Abo

abuts rocks of Pennsylvanian age in a stream vallev. At

the well site, the water level is shallow becsuse of the topographically

low position.



The potenticl yield of the formetions to wells cennot be
estimeted asccurately. The only wells in the area are stock wells
thot ere pumped ot rates of only 1 to 5 gpm. The Megdalens Group
and the /bo Formatlon pgenerelly ere compact formations having low
permeebility. Vhere shattered or cttacked by solution, the same
rocks, however, concelvably could produce seversl hundred gellons
per ninute to a well. The quantity of weter in storage is unknown
elso. If, however, the principal supplies are obtained from the
narrovw zones of feults and edjaéént shattered rock and the remaining
poare of the formation hos e low transmissibility, extensive purping
woulld lower weter levels in the production well ropldly end the
woter in storage would diminish Just es repidly. The quantity of
voter in storege probebly fluctustes widely from one year to the
raxt cwing to differences in the rate of recherge, which generally
is srell.

The fbo Sendstcone probably is the better aquifer of the two
fermations considered here becruse it has some intergranular porosity

and because the quallty of weter in it 1s better.



Chermical guallty of the ground weter

The only potable grourd woter sempled in the Sslinas Peerk
arec wes thet from Grapevine Soring (S12.4.2.141). Vells and
sny’ rgs 2lsewhere in the area yleld water containing from 1,500
to mpre then 2,000 ppm of dissolved solids, of ‘which the sulfate
content amoints to 5CG0 pum or more. 1l the water is very herd.
The water from the 2o Formation seemingly is the best ohtaineble
from ¢ given eres, ut the overell chemicel quslity of water
detexrinrrtes from the crest of the mountain to the northwest,
toward the Jornade del Muertc.

The eround water scrpled, with the excentlion of thet from
Crapevine Svring, is not gulte""= or Inman consumption, owing to
the sullfrte comtent of the water (table 104),

Unter suitable for use ™ - __itary personnel provebly is not
prescrt i the Salinns Peck arer in quentities adequete for the needs

of Selines Peal Site cnd Selinng Camp.



I U Vet ,ema - » -
Bploretlon Tor gowm~veter supplles

Test

—t

wiles moy be nec -s.orns in whe Salines Pesk sresa to prove
the conclusions renthed L this report. Flso, production wells that
ield impoleble water niey Lo needed 1f suitoble deminerelizing equip-
et noocomes avelleble. Test holes st potential production well sites
showl: he drilled not conly vwiere geologic and hydrologic data indicate
an edegquete supplir of nter ol v obloined Tt nlso vhere the pumped

e e o I et ot o (o sosoion e S I & S to i o
SR LI P [ SV 98 41 oL QN - v

2lineg Corp. In this rcres such
it oo voghricted, oving Le Lo herroin,; he Crepovine Canyoun, along

the access roed to Salinas Comp.

K LI o Sl g r 1.1 Y B 7 ~ 1, o Ty
e medicte oren of Sridnes Cemr (WASEETE gee. 36, T. 11 5., R, 4 R

qoen not seem prornisinsg howrrer, o~ test hole thoere would deternire the

aquifer possibilities, and if water were obtained, the supnly would be at

She moint of we.  fotest hole 500 feet deep probohly would he sdequete.
e 4est rle forther dmm Orapevine Conven 18 considered to be

roequrte to determine aquifer possibilities in the general area. The

Fidselad sen, 25, T 31 0., R M B 4s selected for geologic and

aicess recsons.  The site is on the access road at its intersection

with the gide zanyon thet conteing Grapevine Spring. Mt this site

shere Lo cdequate voom o7 the rerd Ffor drilling, and it is on or

Ajoecert 1o ane of the medor transverse frults that cregs the mountein

ronge. Y test-hole fepth of 50C feet prohably would be esdequete.

~
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Mternete sources ocutside the Sslinas Pesgk area

Two possible sources of pcteble ground water adjecent to the
Selines Pesk area have been considered. Weir (Herrick end others,
1961) suggested the exploration of the lerge alluviel fen in the
southeastern part of T. 9 5., R. i E.; this erea is somewhet nearer
to Selinss Pesk than the Murrasy well sres. The second potential
source area is at the base of Selinas Peak end southward toc the
mouth of Rhodes Canyon. Although the alluviel fans st the bese
of Selinss Peek ere seemingly a source of poteble water, nothing
fimr is known ebout ground-water conditions there, and a supply
must be proved by test drilling. Supplying the Selinas Peck
installations from the letter aree still would require & lerge

1ift, but the distance of haulege is diminished conslderably.

6



Well %o sumply non-mmtrble water ot 3tpllicn Renge Center

TEnllion Ronge Center s & smwoll edministontive ond service
“ratelletion nenr Sho north ond of White Snnds MUt lo Ronge (fiz. 1).

Thz center Mas troop-housing and shop facilities for the

several overoting braichos of The rissile renge.  DJeccuse the conter
‘g In an lsclnted areo thot contains 1ittle potabhle woter, the

P

~artinunes demand for wnter lias required the nauling of lrrge

gquenatitlies of water Trom distont souarces.

In 1960, water

vy

or ol purpoges ot Stcllicn Remyse Center was
haled by o flest of tony truchs from Murrry well (8.5.72.%:71) about
772 riles to the southeast. This well had ~ nmorginal yield with
regnect %o the demand pleced on it.

In June erd July 1260, 2 well for non-potchble wobter susply wes
drilled to reduce the demand on Murray well and the expense of haulege.
The non-potable water cen be used for fire protection, operation of
sewoge facilities, ond other uses in which weter quolity is not en
{mportent consideration.,

The non-potoble weter well (6.3.5.232) is in Stallion Range
Center, edjecent to the Post Engineers storesge yard, between the

yerd end the center's weter storsge tenks.
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Well venatruct.oon

Drilling of well 6.3.5.232 hegen cn June 15, and ended on
J iy 23, 1960. The well wes dri_ied to a depth of 500 feet with
¢ echle-tool drilling rig. The hole wes cased to bottom, the lower
10 Peet of ces.ng heving been torch slotted. The well wes tested for
v eld July 7, 196C. The yield wrs inedequste; therefore, the casing
wes pulled snd the well wss deepened to 750 feet, ond wes sgein
tested for yield fugust 1, 196C. (See tebles 11 through 1%.)

The well, es finished, is en 8-inch hole 75C feet deep cased with
+(0 feet of blank 6-inch pipe end 35C feet of 6-inch pipe torch-
perforated with ‘-inch slots, 12 per foot et the bottom. ZAfter casing

wes installed to bottom, the well was surged end beiled for 24 hours.



Table 11.--Log of materials penetrated by well 6.3.5.232,

Staillor. Range Center, White Sands Missile Range, N. Mex.

Materiali Thickness  Depth
(feet) (feet)
Samples missing 20 20

Sand, very fine to medium, and small gravel of

volcanic rocks 20 20
Sand, very fine to medium, small gravel of

volcanic rocks, eand some clay 10 50
Sand, fine to very coarse, and small gravel

of volcenic rocks 4o 90
Clzay, siliy, tan, and very small gravel of

volcanic rocks 20 110

Sand, medium to very coarse, small volcanic

gravel, and tan silt lOl 120
Clay, tan 10 130
sand, medium to very ccarse, small volcanle

zravel, and tan silt 10 140
Clay, tan, sand, medium to very coarse, smcll

voleanic ersvel, and tan silt. Less gravel. 20 160

Clay, rea tu tan, small gravel a«nd large pebbles
of volcanic rocks 10 170

Silt, tan, some very coarse sard, and a small

pebble 10 180
Clay, red to tan, and pebbles 10 190
Sand, very rine and red-brown silt, with z small

amount of very coarse sand end small gravel 10 200
Clay, red-browr silty 20 220
Clay, red, and included crystels of selenite 10 230

Clay, red, and included cryvstels of selenite
w.tn some gravel 10 240

Clay, verv silt: tan, and very coarse seand 10 250



Table 11.--Log of materials penetrated by well 6.3.5.232, stallion

Range Center, White “ands Missile Range, . Mex. -~ Continued

Material Thickness Depth
. (feet) (feet)

Send, very coarse, very smell gravel, and

tan silt 10 260
Clay, red, very coarse sand, very small

gravel and tan silt 10 270
Cley, white, very coarse sand, very small gravel,

and tan silt 275
Clay, tan and white, silty 5 280
Clay, tan silty, =nd a small amount of very coarse

sand 14 294
3ilt, tan tc creem 6 300
Clay, tan siliy 20 320
oillt, browrn, and very fine sand. Some very

coarse sand 18 338
3ilt, trown, very fine sand,some very coarse sand,

and small volcanic gravel 347
Clay, tan, very silty 5 353
Clay, tan very silty, very coarse sand and

small gravel 22 375
Silt, very fine sand, and very silty tan clay 5 380
Sand, very fine to very coarse, and small gravel 20 400
Sand, very fine to very coarse, small gravel, and

brown silt. Some clay 430-435. 50 450
Samples missing 58 508
Sand, medium to very coarse, and small gravel b 512
Sand, medium- to very coarse-grained, small gravel

and small pebbles 1L 523
Sand, very coarse and gravel 5 528
Send, fine to coarse 532
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Teble 11.--Log of moicrials penetrsted ty well €.3.5.232 Stallion Range

Center, "aite Sands Missile Range, N. Mex. - Concluded

Material Thickness  Dopth
(feet) (feet)

Sand, mediun. te < arse, ard btrown clay 7 539

Sand, fine ¢ verw o arse 5 54
b <

Sand, fine to very c¢. arse and small gravel 31 575

Clay, brrwn, fine to very crarse sand and

small gravel 5 580
Silt, brown and ver - firne to ¢ arse saud 30 61C
Sand, very coars., ond small gravel 5 €15
Sand, very ccarse, <rnll gravel, snd brown siit 5 620
Send, very coerse, gravel and small pebbles 15 635
Sead, flne to very :rarse, and br wn clay 30 665

Sand, very coarse, smell gravel and brown silt.

Some clay from 693-to 700, and a large pebble

705-10 5 710
Send, very coarse, gravel and small pebbles.

General graln s zes comewhat smaller T725-30,

and cne large pebble 735-T740 30 The

Sand, medium to very ¢ arse and gravel 10 750

Notes: ALl clays were calcareous. Clay, silt, and ssnd below U400 feet
gre un.rormly coffee-brown in cclor  All gravel and pebbles cbserved
are detr tus of "veolcanics"; some are holocrystalline but very fine-
grained, end some are glassy with very small phenocrysts. The
genera: appearance of the volcanics is red-brown when wet, but

a dusty lavender when dry.
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Tnble J12.--Recosds of werer lovels nassusod in well £.3.5.232

(non-potsble supply), Stallion Renge Center, White Sands

Missile Range, N. M.

bate Water ievel below
100 land-surface datum Remarks
June 17, 2045 Well 350 ft deep.
2L 206.1 Well 500 ft deep prior to bailer test.
352.0 Water level at end of bailler test.
July 7 206.5 Water level prior to pumping test.
215.4 Water level measured approximately
4 nours atter the cnd oi 33-hour
puneiag Host.

16 200.0 well 420 7, doer.

26 205.8 Well 7.0 7 do--, water level measured
approximetely 3 days after drilling
completed.

Aug. 1 203.8 Water level prior to pumping test.
208.2 Water level measured 2 3/4 hours

afves uvie eud 01 an ii-hour pumping test.
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Trble (4 .--Records of fleld measurements of specific conductance

and sand content of water pumped from well 6.3.5.232, Stallion

Range Center, White Sands Missile Range, N. Mex., July and

Ay act, 196C.

Date Specific ‘/ Temperature Sand contentf/
L2GO Time conductance °F ml./liter
July 7, 11:09 - 76° -
11:30 - - <0.1
11:4s5 2,500 - < 0.1
12:15 - 80 -
12:40 - - 1.0
13:00 3,500 82 -
13:40 3,500 83 0.2
14%:00 - 83 £0.1
14125 3,300 84 0.1
Aug. 1 09:25 2,500 8o -
10:30 2,500 - -
11:30 2,500 - -
11:35 - 80 -
12:00 - 80 -
2:30 2,450 - -
13:30 ~ 80 -
1,:05 2,500 30 -
1.:00 - 30 no sand
15:00 2,500 80 -

;1_,,’ srecilic conductance weasured with Industrial Instruments, Inc.,
Model HD 104 Solobridze

o/ dessuten with Imbhof! cone
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L « W amda e mea1 S B DT —
Rio ainds ol mest. vers mode ou woll $.0.5.222. Uho productivity

wes sested with o hailer and

T - A-vrer gt - RN £ PR P T < “ IR, B O ) T b
The groduculviv, oFf v flniched well wals tegezd with o cecp-vel
o -t -
turvine pum’.
[ —~ o - L. .y e - s - P . 3
feocorddng o the woatracs specifications, eaun witer-szaring bed

-

a5 ponetraced by the Jr-iil.  Brief

s sl s sos P, X e e
salling cecis in weil ©.0.5.2 incicotad Lot extencive tosiing was

: g 2 .2 - - . - . o .7 o, - e P S -
N0t Justiiizd. wWhen the well vas 00 Teet deesp, the original contract

1262, The well was
bailed at an avaerage rzor oI about 20 spm. The drawvdown at the end
the hour was 1i6 Jeel, iudicating e specific copocii, of avout

0.2 gom per foot of drawdowm. Alcthough the indicoted specific
capacity was lov, 1t was ncecessary to test the well under production
conditions. The well wau tested on culy T, 196C alter the casing
and screen had Tean cct end the well developed

The pump was set at 80 to %90 feet, or ebout 10 feet ebove the
bovtom of the well, for the punping test. 'The pump was pouered by
an internal comb.ction englie. Dizcharge wes measured wizh & 55-

gallon drum cond stopwateh, and drawlown was measwred during part of

the test with an electric water-lmsvel indicator.
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The test was started at 11:05 e.m. and ended at 2:3% p.m. when
the engine stopped, & pumping period of 3 hours and &9 minutes. The
time of pumping was not aslong as plamned, but it was adequate.
During the test, drawdown could not be measured efter the first 19
minutes; che water level had declined below a poinv &t which the
electric line would not pass to greater depths -- approximately 505
feet below the surface. The water discherged from the pump began
surging, or fluctuating, about 65 minutes after pumping began,
indicating that the pumping level vas at the pump bowls, or 430-400
feet velow the surface. This surging actlion continued until the end
of the pumping period.

The rate of discharge wes 29 zpm when the tes: began and the
rate fluctuated fram 21 to >4 gpm until the pumping level reached the
powls. The rate of dischaorge subseguently declined to sbouvt 10 gpm
at the end of the test. The final specific cepacity of the well was
0.57 cpu per foot of drawdown.

Sanc content and specific conductance of the water were measured
at intervals throughout the test. The water contained small gquantities
of sand throughout the test, but by the end of the test, the quantity
was only about 0.1 milliliter. The chemical quality of the water
reneined nearly constant. A chemical analysis of a water sample

v

taken from the well on July 7, 1960 is given in table 13.



A record of water-level drawdown and recovery and the rate of

discharge are given in figure 25, An approximation of the coefficient

Figure 25 (caption on next page) belongs near here.

of transmissibility is given in figure 26,

Figure 26 (caption on next page) belongs near here.

The results of the test on July 7, 1960 indicated that the well,
when 500 feet deep, was inadequate for the intended use. The well was
deepened to 750 feet and again was tested on August 1, 1961,

The pump in well 6,3.5.232 was set with the bowls at 560 feet
below the surface for the second performance test, and the pump was
powered with the same engine used for the first test. The rate of
discharge was measured with a pipe orifice, and drawdown was measured

with an electric water-level indicator.
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Figure 25.--Water levels and rate of discharge of well 6.3.5.232,
Stallion Range Center, White Sands Missile Range, N. Mex.,
July 7, 1960, Well was 500 feet deep at time of test.
26 ,-~Recovery of water level, and computation of the coefficient
of transmissibility after performance test of well

6.3.5.232, Stallion Range Center, White Sands Missile

Range, N. Mex. July 7, 1960.
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DEPTH TO WATER, INFEET, BELOW MEASURING POINT
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coefficient of transmissibility after performance test of
well 6.3.5.232,

Stalliorn Range Center, White Sends Missile
Range, N. Mex., July 7, 1960.
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Figure 26 .-=Recovery of water level, and computation of the



The test was started at 9:16 a.m. and was ended at 8:15 p.m.
The rate of discharge was increased at timed intervals to determine
the well characteristics at different pumping rates. The discharge
rate during each timed interval was held reasonably constaﬁt. The
well was pumped at 60 gpm for 2 hours and at 100 gpm. 150 gpm, and
200 gpm for 3 hours each. At the end of the test, the pump was
discharging 200 gpm and the drawdown was about 123 feet, indicating
a specific capacity of 1,62 gom per foot of drawdown, or slightly
more than four times that obtained during the first performance

test (fig. 27). The computed coefficient of transmissibility is

Figure 27 (caption on next page) belongs near here.

about 3,000 gpd per foot (fig, 28).

Figure 28 (caption on next page) belongs near here.

The water temperature was steady at 80°F, the water contained
little or no sand, and the total chemical solids in the water varied

little during the ll-hour period.
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. Figure 27.--Water levels, rate of discharge, and computation of
specific capacity during performance test of well
6.3.5.232, Stallion Range Center, White Sands Missile
Range, N. Mex., August 1, 1960. Well was 750 feet deep,
the final depth, at time of testing.

28.--Computation of the coefficient of transmissibility after
performance test of well 6.3.5.232, Stallion Range Center,

White Sands Missile Range, N. Mex., August 1, 1960,
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Chemical quality of the water

~ver from well 6.3.5.222, at Stallion Renge Center, is too
Aghly miner.lized for cdomestic consumption without some form of
deminzrzlization. The vater contains more then the totel dissolved

colidzs recommended vy the U.9. Public i

g

slth Service. (See table 13.)
£11 the onionc except sulfete are present only in low concentrations.
Sulfate, together meinly with calclunm and magnesiw, arce the principal
chemical ~onceminonts. The high calelum and magnesium conzent makes

AN PR - b 2
Cad wWaLer VeI onara.
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RESIDUAL DRAWDOWN, FEET

Alog '4.=|

\\ T . 264(200)

17.35

=3,040 gpd per ft.
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Pigurv, 28 .~-~Computation of the coefficient of trammmissidility,
T gfter performence test of well 6:3.5:832,-68tallich Remgo Menter,
. White Sands Mizmsile Rapge; N. Mex., August 1, 1960.



